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Si  (t)  =  10  t 

Most  of  th  ^  =  10  t2 

cngineenng  in  Science  «d 

functions  of  a  continuous  vari^  '  *  '  the  signals  are 
dnd  usual]y  take  on  values  in  r  C’  SUCh  3S  l‘me  0r  space' 
conunon  example  of  analog  °IJtmu°us  ranSe  The  most 
as  shown  in  Fig  1  ]  g  gna  ,S  sinuso*dal  waveform 

^  expression  for  the  signal  can  be  written  as, 

A  sin  (co  t  +  0) 

Amplitude 
Radian/sec. 

Phase 

Time  duration  of  one  cycle. 
Frequency  =  ^ 


function 'ofone'or  T*’-  “I  "*  °"“:r  indc'*''d™ 

or  more  independent  variables,  for 


^Amplitude 

■T  =  i/F 


S(t) 
where,  A 

CD 

e 

T 

F 


♦  Time 


Fig.  1.1  :  Sine  wave 


1.1.1  Measuring  Analog  Signal  : 

To  measure  analog  signal  in  olden  days  analog  instruments  were  developed  by 
electronic  Engg.  s.  The  most  common  example  is  analog  multimeter,  you  must 
Iiavc  seen  in  your  lab.  The  instrument  is  show  n  in  Fig.  12. 

Problem  Involved 


The  problem  involved  with  analog  multimeter  (Instrument)  is  the  Accuracy, 
cading  taken  by  each  person  will  be  different,  because  reading  changes  as  view  ing  Fig.  1.2 

igle  cliangcs.  Accuracy  is  also  limited  by  internally  used  mechanical  structure. 


1.2  Analysis  of  the  Analog  Signal : 

In  electronics  you  develop  or  design  some  circuits.  To  find  how  your  circuit  behaves,  the  system  is 
-ited  with  input  signal.  After  exciting  the  system  one  should  check  output  of  the  circuit  Depending 
?n  the  nature  of  the  output  signal  and  input  signal  applied  to  circuit  one  can  easily  find  behaviour  of 
tern  (circuit).  The  block  schematic  of  the  same  is  given  in  Fig.  1.3. 
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Pig.  1.3  :  Block  schcnintic 


[Problem  Invoiw^ 


Problem  j 

rime,  the  pc  Ron  has  in  tv.  -.lraniC~'ir  ,as*t  *Sl  as  a,ulog  signal  is  conlinuouslv  varving  with  respect  to 

«  expen  m  Time  domain  a^fysis.  to  co, .elude  perfect  tesults 

1.1.3  Noise  : 

representation  of  o/rar ^igiml^and' ^gival'w it a”1  XC<^  “P  W',h  Wan,tfd  s,K'lal  Fi«  14  shows  «n|Ph,cal 
frequency  Imeifere^)11^  ***  ClrcU,,  bcc;,usc  of  E  M  1  (electromagnetic  Interference)  and  RFl  (Radio 


(a)  Clear  signal 

Fig.  1.4 

Fig.  1.5  shows  EMI  Interference  caused  because  of  Motor 
As  shown,  actual  waveform  may  get  changed  because  of 
noise  pulses.  To  get  good  signal  quality,  one  hits  to  design  a 
circuit  called  Filter,  to  filter  out  noise.  After  filtering,  you  will 
get  good  signal.  But  to  design  filter  circuit,  built  it  and  test  it. 
requires  more  time  and  if  by  chance  characteristic  is  not  as  per 
requirement,  redesign  the  same.  The  circuit  design  becomes 
more  complex  as  noise  frequency  and  amplitude  changes 
randomly. 


Problem  Involved 


(b)  Noisy  signal 


Fig.  1.5  :  EMI  interference 


To  filler  out  noise  from  analog  signal  is  bit  complex  and  difficult  job.  Secondly  to  dcs.en 

circuit  for  noise  filtering  the  person  should  have  good  niiiihenuucal  background.  t>  * 
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°ncl»ision  :  '  ~ — — - __ - - Number  System 

(he  above  d 

t  a>  n‘p~so„ r:::“ *-  *> *-  *» »*>. **..* slgluls 

»  ^  ZZ"  zparame“r-  — *»- 

<7;  °Z  SUCh  l>  PC  0f  s>  slcm  or  approach 

o»  F  P  VldeSeasy'vay  of  design. 

(  >  Easy  to  implement. 

(4)  Which  allow  ^  lnV°lVe  t0°  much  °f  mathematical  analysis. 

Ck  allmvs  ™*y  removal  of  noise  signals. 

- Digjtal  System  : _ 

requires  digital  information0 DifihaT  hifo  ^  Pr°b,Cms  ,nvolvcd  in  analo8  s>  stcm  Di^iial  system 
discrete  symbols  called  C  it  I  “  b>  "Umbcr  of  non  continuous  or 

4.  5  6  7  8  9  u!'d I  ,  ‘  ^  a"arC  dccin,al  d'8',s  <»>  digit  system)  i  c..  «.  1.  2  a 

fingers'  Bu,  bL„„  °  H™C’;mnbrS  W°  PrCfCr  ,hiS  ""mbCr  SyS,cm  W  J«*  because  of  ui 
&  nar>  s>  stem  used  in  digital  employ  just  two  digit  types, '()'  and  T. 

Binary  System  : 

in  digital  we  use  binary  which  restricts  digital  signal  lo  have  only  two  distinct  values  or  states 
Here  you  may  ask  question  why  binary  system  ? 

The  reasons  or  advantages  of  binary  system  arc  as  follows : 

1 .  Most  information  processing  system  are  constmctcd  from  switches,  which  arc  binary  devices. 

2.  Binary  signals  are  more  reliable. 

.1  The  basic-decision  making  processes  required  of  digital  systems  arc  binary 


Bits  : 
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(b) 

Fig.  1.6 


(c) 


Djaital 


As 


-  Nurnb«jJ?**^ 

common  or  ^,7^7^""“™'"*  '"  ™-"y  different  physical  fonm.  il  «  “,v'“‘“!i*U 
10  tepresent  two  possible  v  ^  S'm‘ns  blna,>  states  As  told.  the  approach  is  lo  use  drgd  s> 1 
**•’■  >  comracuoo «*"V  at  any  point  tn  time  These  symbols  .ire  refer 

use  T  tn  Hp  .  ,nary  digit*.  The  Fig.  16  will  show  analog  signal  with  digital 
used.  Binary  voltage  v®*'  W  10  dc,K,lc  T-OW  level  of  ihe  signal.  Normally  this  convenuon  rs 
We  have  vh  ^  VL  are  represented  as  T  and  V'  respectively. 

Switches  •  <*vanta8es  °f  using  binary  system,  let’s  elaborate  that  particular  points. 

binarydharart^ef16  baS‘C  bui,din«  b,ock  is  ON  -  OFF  switches  Basically  switches  inherently  have 

respective^  r  T,  ,hcy  haVC  ,wo  natural  states,  either  ON  or  OFF  .  c.  CLOSE  or  OPEN 
pcuivety.  Mg  \j  shows  struc,urc 


1. 


Switch  S, 


(a) 


(b) 


ilOFF 

v  ON 

f 

Voltage 

source 

Switch  S, 

5^  Bulb 

i 


(c) 


Fig.  1.7 

Case  I  When  switch  S,  is  closed,  voltage  source  will  lit  the  bulb 
Case  II  When  sw  itch  S,  is  open,  circuit  is  cut  off  and  bulb  is  OFF 
The  o input  (bulb)  is  also  following  binary  i  e  dart.  (OFF)  and  bright  (ON) 

One  can  structure  these  switches  to  get  different  sdcctne  control  Refer  Fig  I  g 


In  Fig. 
not  lit. 


I  S  (a)  when  both  .he  switches  are  dosed,bulb  will  lit  Enter  of  ,he  switch  ls  w  bulb  Wll, 


In  Fig.  1.8  (b)  when  either  of  the  switch  is  closed,  bulb  will  lit  When  ten.  „  .  . 

will  be  OFF.  m  bo,h  ^''ches  tut  open,  bu 

Thus  one  can  still  go  for  more  complicated  switching  network  an.,  »*  .te  r.  ■ 

wayj  switch  is  the  fundamental  operaung  mode  ofetelromc  digital  Lem  0U,pUt  11 

Reliability : 

1  have  mentioned  that  binary  system  have  certain  inherent  reliahiiin,  ^ 

7'°g  S'gnal  We“W,ha",“  ^  one  or  more 

of  binary  system.  Because  of  more  values,  the  dislancc  seperattng  adjacent  signal  Z2  Jt 


Scanned  by  CamScanner 


^jaccoi  value  and  be  misimcrnretJie«jIK>hl!ni5  bul  no'sc>  W*N  cause  signal  value  to  spill  over  into  an 
gap  is  large  enough  UC  *  ype  of  errors  arc  ,easi  likely  in  binary  system,  if  VH  -  VL 

3*  Making  : 

m^e  decision  Means  h^eTaA  q^tonPr0CCSSCS  T°  aCh‘CVe’ this  rt  ***  t0  Perform  lC8ls  or 
Is  Y,  J  is  ?  etc 

also  binary  ***  qUCStlon  1S  either  or  false  i.e.  binary  system  and  therefore  decision  will  be 
»  e  if  X  is  true,  switch  ON  S,. 

*f  Y  is  false,  switch  OFF  S2  and  so  on. 

put  v  ariable  signals  will  decide  the  final  controlling  output. 

Convention : 


v  n  stem  two  ^tes  1  and  0  are  present.  Here  you  would  like  to  know,  what  will  be  the  actual 

age  or  t  se  levels  ?  These  voltages  are  redefined  or  user  defined  ?  Answer  for  the  first  question  is,  the 
'otage  levels  for  High  and  Low  levels  will  vary  from  family  to  family  of  the  logic  circuit.  Family  means 
TTL  (Transistor  Transistor  Logic),  ECL  (emitter  coupled  logic),  DTL  (Diode  Transistor  Logic),  CMOS 
(Complementary  MOSFET)  and  so  on.  The  detailed  study  of  these  families  is  in  last  chapter. 

The  answer  for  the  next  question  is,  the  voltage  levels  are  predefined  by  manufactures  of  the  chip  VJseT 
cannot  change  it. 

For  our  Convenience  we  will  take  presently. 

HIGH  LOGIC  =  1  =  Vcc  =  +  5  V. 

LOW  LOGIC  =  0  =  GND  =  OV. 


Digital :  Present : 


Before  we  step  learning  digital  Electronics,  it  is  obvious  that  you  should  be  aware  with  application^) 
of  it.  Means  where  you  are  going  to  apply  the  knowledge  of  the  subject. 

You  must  have  come  across  microprocessor  based  system,  computers,  digital  multimeter,  digital 
display  Instruments  etc.  In  short  I  will  say  it  is  becoming  digital  world.  The  most  wide  application  is 
Computers  To  learn  inside  of  the  computers  this  is  the  base  Secondly,  as  digital  is  easy  to  implement, 
in  90%  cases  you  will  find  that  analog  systems  are  replaced  by  digital. 

Remember  that  in  real  world  all  the  physical  parameter  is  going  to  give  you  analog  signal  ONLY.  1 
convert'^alog^o  digital  we  use  ,U>C  (analog  to  digital  convener).  Orce  we  get  digital  form  of  the  stgnt 

it  is  veiy  easy  to  operate  upon  digital  data  and  analyse. 


1,3  Numbering  System^ 


hex  number  system. 
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131  Posi«°™  Number  : 


rcPre^nt  full  ^T^U0cd  b'  d‘K'«s  or  numerals  We  can  combo**  ‘l'?"*  * 


P*  °»' 

,*  Ar*»u 


H  VV 

•g 

r 

|U 

4. 


r— ^*n  lull  ranve  tk«  ujK,,s  or  numerals  We  can  comM"™  '  Ar**,L 

cons,sts  Of  lo  digits  s>s,cm  w,,h  *e  arc  °°rma,,>  fanU 

-  Fundo"*^  «*>  ‘ 

arabu  digits  can  be  combined  m  various  wavs  to  represent  •«*  nUn^^linve  d‘ii,,s^  nll] 


const  B  ™  combined  m  various  wavs  to  represent  liiCCUt»ve  a'F n  to  n£» 

HZ™  *  3  nUmbCr  ,S  10  f0-  «  sequence  or  string  of  digus  m  •  **  ^  from  left  to 

consecutive  power  of  10  Pnr  _ _ .-TV  ,  ,  _  ...  .  -«a  The  78 6  repre^ 


Z22  !  POmCT  °f  10  For  «■»!*  take  3  dtp.  number  -  786.  H*  «*"* 

hundreds  (T,.  tens  ,8>  and  unn  (6)  ^  (1) 

V>c  can  decompose  the  number  as  urre  >  °u 

86  3  7  x  10-  +  g  x  |0i  *  6  x  |qo  for  nurirt*^  .g/has 

This  method  is  decimal  system  Hus  is  good  example  of  positional  IK>,‘,U  r  puiludtS1*  n°5  urf1b rr 
ma>  ask.  *hat  do  you  mean  by  poution  at  notation  °  It  means  that.  c.Kh  »fP  ^  freight*  ^  ^  ^ 
fixed  value  (or  weight  j  determined  b>  its  POSITION  This  number  is  also  l0  >shich 

system.  For  decimal  number  s> stems  all  the  weights  used  are  powers  of  the  n  ^ 

number  of  available  digit  t>pes.  give  the  final  decimal  number  (Equation  ( 1  ’  ^  fr0ctiot*ttl  P,irl  a  r 

Presently  we  have  shown  onlv  integer  part  One  may  require  to  reprc-  ^  P°"er^  c 

decimal  system,  fractional  part  is  denoted  b>  sequences  of  digits  "  hose  weic  t-  ^  ^  special  syntho 
The  integer  part  and  fractional  part  represents  the  full  number  Both  are  separate 

Decimal  Point.  For  example  I  414  This  number  can  be  decomposed  V  - 1 

1  414  3  1  X  10°  +  4  x  1<T  1  -»■  I  x  l(T  :  +  4x  10  5 

^Lmbcr  Ba<e  ^  raltscd  fomt  also  While 

The  decimal  number  notation  shown  in  Equation  (2).  can  be  written  in  gene  <•  ^  ^  number 

writing  the  equation  in  generalised  form  quantity  10  is  replaced  by  r.  called  base  or 

sy  stem  We  will  represent  number  x;  x,  x*.  x  ,  x_;  as  ,  ^ 

x..  ,\|  x  x.x.3  x.  xr+x.  x  r'  +x,  x  ^  x  i  x  t  ^  x_  j  ^  r 

As  compared  w  ith  Equation  (2).  we  hav  e  replace  101  by  t. 

A  positional  number  notation  of  this  ty  pe  is  called  a  base  r  or  r  -  ary  number  system,  um  r 


...a) 


systems  of  our  interest  are  listed  as  follows  :  - , 

r ■  ■  -  ■  . . 

System  Name 

m  J 

Baser 

Di 

Employed  1 

Decimal 

Binary 

Ternary 

Octal 

Hexadecimal 


0.1,2.  3,  4,  5.  6,  7,  8,9 
0,  1 
0.  1,2 

0,1,2.  3,  4,  5,  6,  7, 

o.  I.  2.  3.  4,  5.  6.  7,  g.  9.  A.  B  C  D.  E,  F 


1.4  Binary  Number  System ; _ _ 

We  have  already  seen  thatfontuy  number  system  has  base  ot  j  in  h  w  „ 

and  'U  We  have  also  studied  bit  Bit  is  nothin!  but  k. _ J  ^  onl> 

3e  given  by 


^  hut  angle  binary  £  Tie  wet^  £2*2* 
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y  Putt,ng  r ,  rr- r-1— ^ - — L — i _ L  2  1 

*3  X  2-  +  X  X  2?U+a"0n  °J,WC  SCI  equal, on  for  binary 
L«'S  ink,,  .  X»X2  +  *  ,«2  '  +X  ,X2  '= 


If  fi.  kl- onc  example 
“'"“O  number  is  101  ,h„ 

x  ls  l«l.  then  x,  x,  x„  =  loi 

2  X  2  +  x.  x  21  +  Xo  x  2o 

1  X2:  +  OX21 

=  4 


+  1X2° 

rs\  _  °  +  1  =  5  -*  decimal. 

1  (l()1)2  ^ere  2  and  10  shows  W. 


1.4.1 


Decimal  to  Binary  Conversion  : 


Number  Syttam 


2  1 

2  * 

2  J 

0.5 

0  25 

0  125 

(4) 


from  dccinnl'in xill  learn,  how  lo  convert  given  decimal  number  to  us  equivalent  binaiv  For  conversio. 

dccmml  to  b.naiy  we  use  I^Ue  DMI<  method.  The  steps  to  be  followed  are  ht  eu  as  follow . 
Men  1  •  Toio  rv.„. _ i _ ,  - - - - 


Step  1 
Step  2 
Step  3 
Step  4 
Step  5 


Take  Decimal  number. 

Divide  number  by  2  and  note  down  quotient  and  Remainder 
Division  of  Quotient  occurred,  by  2. 

Repeat  step  3,  till  quotient  is  no  longer  divisible  by  2. 

Equivalent  binary  number  is  read  from  bottom  (this  bit  becomes  MSB),  to  top  (this  hi 
becomes  LSB) _ 


Note  : 


(1)  Here  MSB  means  Most  significant  bit  means  left  most  bit  LSB  means  least  siqnificant  bit 
means  right  most  bit  Say  for  example  binary  number  given  is, 

10  0  10 

T  T 

MSB  LSB 

(2)  The  approach  described  below  is  valid  for  Integer  part  only  For  fractional  part  different 
approach  is  used 
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Dlfl't«L 
Ex.  2  : 
Soln. : 


c°nv«r1  decimal  9  to  hm 

10  bln*»y  (9i,„ . 


1-10 


2 

2 

2 


Quotient) 

4 


Remainder 
I 

0 
0 


( ii veil  iiuiobcr 


,  (LSB) 

♦ 


L.  _ 


(MSB) 


Write  number  from  bottom  to  top 
(y)io  (lot)  ik. 

Ex.  3  :  Convert  decimal  14  to  binary  (14),0  =  (?) 


Soln.  : 


Write  answer  from  bottom  to  top. 
(14), 0  (I  II  0)2 

T  T 

MSB  LSB 


>  Original  number 

( Remainder) 

0  - >  (LSB) 

A 

I 

I 

- >  (MSB) 


Number  !jy*tom 
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_P!£ita| 


In  above  case  we  ha  - ’ — ^ _ _ _ Number  Sy$f  m 

steps  followed  are  as  follows  •  Integer  number.  In  case  of  decimal  fraction  to  binary  conversion. 

(Step  l 
Step  2 


Step  3 


Decimal  fraction  multiplied  bv  2 

r\  >  *' 


Atomic  °  TT  0CCU"Cd  ^  ‘  ’’  'hC  nUn'bCr  WlUch  » **  decimal  point 

berorc  the  dcciiMl'1Do'ml'Cp"0"  °l  rnK"°n  POT  occurrcd  a'P  2  '““i  recording  a  number  just 

Step  4  •  sten  1  M  r!  °m  “*  anSWCr  OCCUrcd  "reluphca.ron 

U1  not,  U  COm",UCd  dcpcndi"e  "P0"  «>=  number  of  significant  bus  (dtg.ts)  requrred 
- LUssoIvc^sonic  examples  for  the  same 


i 


Ex'  5  : 
Soln. : 


Decimal  fraction 

Base 

Answer 

Recorded  bit 

0.6 1 

X 

2 

= 

1.22 

1 

0.22 

X 

2 

= 

0.44 

0 

0.44 

X 

2 

= 

0.88 

0 

0.88 

X 

2 

-- 

1.76 

1 

0.76 

X 

2 

= 

1.52 

1 

0.52 

X 

2 

= 

1.04 

1 

(MSB) 


top  to  bottom 


* 

(LSB) 


Now  this  fraction  results  in  recurring  binary  value,  hence  a  typical  ease  we  continue  upto  <>  significant 
bits.  Normally  4  to  5  bits  after  fraction  is  more  than  enough. 

(0.61  )J0  =  (0.  10  0  1  1  1)2 


T 

MSB 


T 

LSB 


Ex.  6  :  Convert  (0.8)10  to  equivalent  binary. 

Soln.  : 


Decimal  fraction 


Base 


Answer  Recorded  hit 


0.8 

0.6 

0.2 

0.4 

0.8 


x 

x 

X 

X 


2 

2 

2 

2 

2 


1.6 

1.2 

0.4 

0.8 

1.6 


1 

1 

0 

0 

1 


(MSB) 


(LSB) 


Now  the  chain  is  repeating,  therefore  stop. 
(0.8)IO  =  (0.  1  10  0  1)2 

T  t 

MSB  LSB. 


Ex.  7  :  Convert  (500  .  21)10  to  its  equivalent  binary. 

Soln. :  Here  we  have  lo  operate  upon  500  and  0.21  differently.  First  lake  5(H)  i.c.  tntcgei  pan. 
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2 

2 

2 

2 

2 

2 

2 

2 

<*>»>,„  I 


'0(1 

Quotient 

2  SO 
1 2S 
02 
tl 
IS 
7 

I 

l 

I  I  I  0  |  0  o 


Remainder 

0 

0 

I 

0 

I 

I 

I 

I 


(I  '*0j 


4 


,  (MM1) 


P 


Now  tor  fractional  part 

Decimal  fraction 

Bane 

Answer 

Recorded  bit 

0.21  x 

2 

0  41 

0 

> 

0.41  x 

2 

0  82 

0 

0.82  x 

2 

1  64 

1* 

0.64  x 

2 

1  28 

1 

0  28  x 

2 

0  S6 

0 

0.56  x 

2 

112 

1 

0.12  x 

2 

0  24 

0 

— > 

/.  (0.21)|0  =  (0.  00  1  10  1  {)), 

Now  combine  both  the  answer 

(500 . 2I)I0  =  (1. 1  .1  ,11  0  1  0  0 . 0  0  1 

1  0  1  0)2. 

Soln. :  As  mentioned  in  question  total  there  has  to  10  bits  First  take  Integer  part 
2  I  37 


Quotient 


Remainder 


I 

0 

I 

0 

0 

1 


(1  0  0  1  0  l)2 


*  (LSB) 


(MSB) 


(MSB) 


(LSB) 
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L  'ijiia) 


bits  ^  ,n'C*Cr  ansucr  "c  «>«cludc  Hut  then: 


P^inul  fraction 

0  31 
0.62 
0.24 
0.48 

**■  (0-,,)|.>*(0.  0  1  00), 

Total  (37.3 1  )jo  =  (1  oo  i  o  \  moo),. 


- - - - - - - Nwrtb*r 

®re  total  6  bit  So  > ou  hav c  to  fit \wu  fraction  a\is*n  m  4 


x 

x 

X 

X 


Base 

2 

2 

2 

■> 


Answer 


0  62 
1  24 
0  48 
0.% 


Recorded  bit 

0 

1 

0 

0 


'vcishl^.r  M.""'2TX“^nM?STir bT  Y0“  ^  «« "tlhbiam  posmcul 

30  11  "L  "am  to  find  out  bman  of  (13t. 


13=8+4+1 

8  4  2  1  _ 

1  1  0  ]  _ 

(13), 0  =  (lion. 


-+  Weights 


-+  Binarv  dieits 


Same  way  (30)|0  =  l<,  +  s  +  4  +  2 
16  8  4  2  1 

1  1  1  1  0 

(30)  10  =  (1  1  I  1  0)2 


— >  Weights 
— >  Bituiry  digits 


1.4.2  Binary  to  Decimal  Conversion  : 


A  binary  number  can  be  convened  to  its  equivalent  decimal  form  bv  multiphmg  the  bus  bv  tl 
binaiy  weights.  The  bits  to  the  left  of  decimal  point  arc  multiplied  b\  power  2  2'.  2  and  so  on.  fi 
LSB  to  MSB  respectively.  The  bits  to  the  right  of  the  decimal  arc  multiplied  b>  negative  power  of  2 
2  .2  -.2  !  and  so  on  Let's  solv  e  some  examples  to  understand  the  concept  death 

f£x.  9h  Convert  (1  1  1  0  0)2  to  equivalent  decimal  (1110  0)2  =  (' >)10 

Soln. : 

MSB  LSB 

Write  binaiy  number - >  1  1  loo 

Weights  of  number - >  24  2*  2_  21  2 

(1  1  1  0  0),  =  1  x  24  +  1  x  2’  +  1  x  2:  +  0  x  21  +  0  x  2 

=  16  +8  +  4  4-0  +  0 

=  28 

(111  00),  =  (28),0 
Ex.  10  :  Convert  (1  1  0  0  1  0)2  to  decimal 

Soln. : 

Write  binary  number 
Weights 
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1-14 


0  lo 


0  1  0), 


Cl  1  00 


1  x  2s 
=  32 

=  50 

=  (50).o 


+  1  *  24  +  0  x  23  +  ()  x  22  +  1  x  21  +  0  x  2° 
+  16+  0  +  0  +  2  +  0 


EX-  11  :  Convert~(0  TTn — ~~ - 

Soln.  ;  'pj1|s  ■  .  01)2  to  decimal. 

Binary  number  !^P'C  °f  blnafy  fractiop  t0  decimal 
Weights  ~  *  2°  1 1  * 

01-  1  1  0  I)^  =  o  x  2°  +  l  V  +  U  I  v  1 


conversion. 


2°  .  2  1  2  2  2“ 3  2  4 

0  x  2°  +  1  x  2~  1  +  1  x  2  2  +  0  x  2  3  1  x  2' 


(0.1  10  1),  = 


0  +  -  + 

8  +  4+1  =  13 
16  16 
0.8125 

(0.812  5)]0. 


1  1 

i  +  0  +  i6 


jsjur 


SystejIL 


Ex.  12  :  Convert  (1  1  0  0  1  Q  1  1  .  0  1  1  1  0)2  into  decimal. 

Soln.  : 

=  1  x  27  +  I  x  26  +  0  x  25  +  0  x  24  +  1  x  2’  +  0  x  22  +  1  x  21  +  1  x  2"  +  0  x  2  +1x2 

+  1  x  2“ 3  +  1  x  2~  4  +  0  x  2  ■ 


=  128  +  64  +  0  +  0  +  8  +  0  +  2  +  1  +  0  +  0  250  +  0. 125  +  0.0625  +  0. 

=  (203  .  4375)]0 


(1  1  0  0  10  11,0  11  1  0),  =  (203  .  4375)l0 _ _ _ _ _ _ _ 

Now  let's  write  0  to  15  decimal  number  and  its  equivalent  binary  number.  From  this  Tabic  v*c 
derive  some  conclusion.  The  Table  is  as  follows : 


> 
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V 


1-15 


fi  j'nbe'  S«><r 


(•)  B0  bit  is  LSB  and  B, 


is  MSB. 


:nar. 


m  r°  *°g8leS  °r  changes  state  as  decimal  number  increments  by  1 
n '  u  C  angCS  (toggles)  state  when  decimal  is  incremented  b\  2 

5  f  2  ^gCS  $tate  dCCimal  nUmbCr  iS  lncrcmcnlcd  bv  4 

83  changes  (toggles)  state  when  decimal  number  is  Incremented  b\  eight  Uines 

^om  point  2,  3,  4  and  5  we  conclude  that  changing  also  follows  1.  2.  4.  8  t  e  standard  bu 

0)  While  changing  from  (0  0  0  0)2  to  (0  0  0  1);  only  one  bit  i.c  Bn  bit  chanees  state 

(»)  While  changing  from  (0  0  0  1)2  to  (0  0  1  0)2,  two  bits  ,  c  B  and  B  chances  It  means  B 

changes  from  1  to  0  and  B,  changes  from  0  to  1. 

(9)  While  changing  from  (0  0  1  1)2  to  (0  1  0  0)2.  three  bits  changes  the  state  ,  e  B  B  and  B; 

(10)  Finally  when  number  (0  1  1  1),  changes  to  next  state  i  e  decimal  either  (10  0  0)„  then  fom  bus 

changes  state  i.e.  B0  to  B3.  Here  B0.  B,  and  B,  changes  from  1  to  0  and  B;  changes  from  to  1 

(1 1)  In  number  system  it  is  always  preferable  that  one  bit  changes  at  a  time,  because  if  two  or  more 
bits  changes  the  state  at  a  time,  because  of  the  speed  difference  in  electronic  compcncr1  senc 
FAULTY  state  MAY  BE  INTRODUCED  in  the  sequence  Wc  arc  gotne  to  elaborate  this  "Her 
we  will  study  codes 


S 


1.4.3  Nibble,  Byte  and  Word  In  Binary 


We  have  already  studied  bit  in  binary  system 

Nibble  :  A  group  of  4  bits  referred  as  Nibble.-  B3  -  B(,  represents  nibble  e  g  1011.  1  l  11  • 
and  so  on. 

Byte :  A  group  of  8  bits  or  2  nibbles  referred  as  Byte  B7  -  B„  represents  B\  te 
1  0  1  1  11  0  0  8  bits  /  1  bvte  /  2  nibbles. 

i  i 

b7  b0 

Word  :  A  group  of  16  bits  or  2  bytes  or  4  nibbles  referred  as  word 

e  g  1  1  1  0  1  1  1  1  1  1  0  0  1  0  0  1  — »  1  word  /  2  bytes  4  nibbles  16  bits 

i  ± 

B„  B» 

Double  word  :  A  group  of  32  bits  or  2  words  or  4  bytes  or  8  nibbles  is  referred  .is  DtwMe  It  ord 


1.5  Octal^lumberSystem: 


nurjne  the  initial  stages  of  development  in  the  held  of  digital  number  sy  stems  representation  th 
was  a  coln'tS  to  represent  mote  numbers  in  Number  system  The  need  anscs  because  m W 
Z 0 UT oT So  if  vou  see  the  page  wntten  with  1. «. ».  1  stnng.  after  some,, me  your  eye  will 
■0!  as  1  and  T  as  V  because  it  becomes  monotonous  job.  and  you  wall  confuse  >  our  se 


Scanned  by  CamScanner 


represMM  n  ",l''lbcr  svsle'»  iws  base 

bcconi  mbcr  lls  n‘"‘l  r' . 


1-16 


l  JsiUg 


r  s> stem  lias  base  of  8  i  c  it  represents  number  Iron' (' lo  hirtltry  bits  r,ng  °f  blls 
1,1  >«s  octal  font)  To  represent  »  to  7  we  require  th'*  a  large 


oecomec  n.ac;  ,u,,n  10  represent  u  to  /  wc  —  lK.„g 

(bituuy  digits ^  ^  rCprCSCUt  ,u,mber  and  to  performs  arithmetic.  Instead  o 


The  weights  for  r 


Equivalent  Decimal 


actual  number  system  can  be  given  by 
- >  ...  83  82  81 


Octal  number  _ v  03  u2  ui 


51: 


(>4 


1 

I 


S 

1 

64 


s  12 


By  putting  r  -  8  in  Equation  (3)  we  get  equation  lor  octal. 


(5) 


x,  x  8‘  +  x 


x  81  +  x0  x  8°  +  x 


x  8 


4-  X 


X  8 


i  f)  I  - 

Let's  take  an  example  if  given  octal  number  is  (x:  N|  \t)  ~  L  * 


+  x,  x  8' 


+  xn  X  8° 


+  7x8° 
+  7 


1.5.1 


x,  x  8“ 

3  x  8:  +  5  x  8' 

1 92  +  40 

239 - >  decimal. 

(357  )x  =  ( 239),  0 

Decimal  to  Octal  Conversion  : 


icthod 


In  this,  decimal  number  will  be  given  to  you  and  you  ha\e  to  lind  1  - - -  tc  instead  ol 

/>  i  L I  ,  /Ion 


uu  - -  r-n-inpe  is  instc 

iat  of  double  dabble,  only  the  whang 


used  is  Octal  dabble  method  The  method  is  same  as  that  of  double  ua  •  .  ^  ^  ?  The  stcps 

2.  divide  number  by  8.  Secondly,  as  far  as  remainder  is  concern,  it  may  c  w 

followed  arc  given  as  follows  - - - - - 


to  be 


[Step  1  : 
I  Step  2  : 


and  remainder.  As  stated  previously,  remainder 


i  Step  3  : 
*  Step  4  : 
I  Step  5  : 


Take  Decimal  number 

Divide  number  by  2  and  note  down  quotient 
within  the  range  oft)  to  7  is  valid 
Division  of  quotient  occured,  by  8. 

Repeat  step  3.  till  quotient  is  no  longer  divisible  by  8 

Equivalent  octal  number  is  read  front  bottom  (this  digit  becomes  MSD),  to  lop  (this 

becomes  LSD). 

MSD  -  Most  significant  digit 

ISP  -  Least  significant  digit. - - - - - 


'Note  :  Approach  specified  above  is  valid  only  for  Integer  part 


Let's  first  solve  some  examples  to  understand  the  concept. 
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^  *  Convert  (255?i  ♦ 

Soln  •  10  *°  *s  0<?u*v*l«nt 


octal  form. 


Number  Systems 


i?£££>l<L=(4770)_. 


Original  Number 


(LSD) 


■  (MSD) 


JoHows  :  tBm  StCPS  t0  COm  ert  fracttonal  of  decimal  to  its  equivalent  octal  form  Steps  arc  as 

1  :  Decimal  faction  multiplied  by  8  - - -> 

S<en  3  :iCOrd  (from  3nS" "  °CCUrcd  neP  ' number  which  is  jus.  before  decimal  pom.  ' 

'  tefor"  rr”plr”:f  frac,,on  pan  >.  -  ««*'  a 

re  the  decimal  point  from  the  answer  occurred  after  multiplication 
[  <ep  4  :  Step  3  should  be  followed  depending  upon  number  of  significant  digits  required. 

Let's  solve  some  examples. 

Ex.  15  :  Convert  (O.32)10to  its  equivalent  octal  form. 

Soln. : 


Decimal  fraction 

0.26 

0.08 

0.64 


Base 


Answer 


Recorded  bit 


MSD 


0.12 


(0.32), 


(0.  2  4  3  6)8 

t  T 

MSD  LSD 


Ex.  16  :  Convert,  (0.26)10  to  its  equivalent  octal  form. 


Soln. : 

Decimal  fraction 

0.26  x 

0.08  x 

0.64  x 

0.12  x 

0.96  x 

(0.21),  0  =  (0.20  507), 


Base 


Answer 

2.08 
0.64 
5  12 
0.96 
7.68 


Recorded  bit 


MSD 
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i 

j 


1 


-  t ;a 


Ex.  17  : 

Soln- :  Tins 


^  Of>\ 


f 

Num>’#r'  X ' 


(3000 


45>,o  ^  its 


- ._  1  —  18  _ _  ■  " ' 

problem  c  ^  v  ””  *^uival®nt  octal  number 

7*1  b°,h>  l,HeBcras  'veil  as  lraction.il  part  Let's  take  Integer 
I  3(HH) 

;  Quotient]  j  Remainder] 

175  0  _ _ -» (LSD) 

1 


fust 


8 
8 

b 

V*  * 

O  | 


4b 

s 


('(HHM.  =(56-. 


'»>). 


6 

S 


(MSP) 


D  tv  i  rrul JYjc  tio  n 

Base 

Answer 

M  45 

8 

S£ 

3.6 

u-* 

8 

= 

4.8 

0  8  * 

8 

— 

6  4 

0  4  x 

8 

=r 

3.2 

45)  =  (0.3463), 
Finally  total  answer  (3000.45) 

10  = 

(5670.3463), 

Recorded  !>«* 

1 

4 

6 

1 


LSD 


f 


T 


1.5.2  Octal  to  Decimal  Conversion  : 

A  cMal  number  can  be  converted  to  its  equivalent  decimal  form  by  multiplying  the  digits  > 

OvL3j  weight  The  bits  to  the  left  of  decimal  point  are  multiplied  by  power  8".  81,  8  and  so  on.  froi  ^ 

.  -  NfSD  respectively  The  bits  to  the  right,  arc  multiplied  with  negative  power  of  8  i.c.  8.8.8  an 
so  on  \V  e  w  ill  solve  some  examples  for  the  same 

Ex.  18  :  Convert  (746)s  to  its  equivalent  decimal.  (746)g  =  (7)10 

Soln. : 

W  me  Octal  number - »  7  4  6 

Weights  of  number - >  8:  81  8° 

=  7  x  8*  +  4  x  8:  +6x8° 

=  7  x  64  +  32  +  6  x  1  =  448  +  32  +  6 

=  486 

..  (746),  =  (486),0 


Ex.  19  .  Convert  (0  123)g  to  equivalent  decimal 

Soln.  : 

Wnte  octal  number  - »  0 

W'c/ghts  - >  8° 


I 

8*’ 


=  0  x  ^  +  1  x  8  1  +  2  x  8' :  +  3  x  8- ? 


=  0 


I 

8 


64 


3 

512 


=  0  1621 
(0.123),  =  (O.I62l)lo 


2 

8  2 


(June  99, 1  Mark) 


3 

8  3 


Scanned  by  CamScanner 


i 


run#«i 


■Pj&rtal 

20  *'  Convert  (312  ige\  ♦  . 

Soln.  •  96  8  to  decinfial 

00,31  number _ _  , 

•*-  j  2 

8J  8i 


1-19 


Number  System 


MU  I 

"'eights 


1 

8° 


1 

-  i 


3x8i+^8.;lx“i+1 8“ ,  *■'  8-2  s-> 
3x644,...,.  .  ;ix«-'  +  9X«-*  +  6x8., 

64  *512 - 


u  T  i  x  jv  +  | 

3x64-t-2x8+lxl+X  +  ^_+  6 


6 

8- 3 


MUW 

follows  : 


209.40234 
(32,(  ’  196>8  "  (209.40234) 


Decimal  Number 


Table  2 

1.6  Hexadecimal  Number  System  : 


Binary 

Number 

«o 

Octal  number 

0 

0 

0 

0 

o 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

2 

0 

0 

0 

1 

1 

0 

1 

0 

3 

• 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

10 

1 

0 

0 

1 

11 

1 

0 

1 

0 

12 

1 

0 

1 

1 

13 

1 

1 

0 

0 

14 

1 

1 

0 

1 

15 

1 

1 

1 

0 

16 

1 

1 

1 

•  1 

17 

This  number  system  offers  an  advantage  over  octal  system  in  the  sense  that  four  bits  are  grouped 
together  to  represent  a  hex  digit.  As  a  result  more  crunching  is  possible  of  binary  digits.  This  number 
system  is  most  widely  used  in  microprocessor  based  system  and  computers. 

The  hexadecimal  number  system  has  base  of  16  i.e.  it  represents  from  0  to  15  designated  as  0, 1, 2. 3, 
4,  5,  6,  7,  *8,  9  A,  B,  C,  D,  E,  F. 

The  weights  for  here  number  system  can  be  given  by 

...  163  162  16'  16°  16- 1  16- 3  . 

By  putting  r  =  16  in  Equation  3  we  get  equation  for  hex. 

...  4-  x2  x  162  +  x,  x  1 61  +  Xq  x  16"  +  x_ ,  x  16" 1  +  x_2  x  16'2  +  x_3  x  16" 3  +  ...v. 

For  example  if  given  hex  number  is  (1  A  F)l6 
Scanned  by  CamScanner 


'  -  l(A  . 

*'l6  ’  A  V6 

A  '  1 6 


3  - 


’-20 


If, 


’  III  s 


‘  '  k, 

*  F  ✓  <6 

*  13  X  I 
*15 


41| 


2v  '  K 

N  A  F.  *<*» 

''  ~  '411; 

r  hexadecimal  (hex.)  Conversion  : 


A 
I  . 


I 

I  i 

5- 

r  •'' 

r 

I; 


dOubJe  dibble  Tf*  ’  T  '°  **'  Uc  arc  £°'ng  «o  use  hex  dabble  method  Tht  B*:t  _  ^  ^ ithJTi  tb 

"  '0  U  The  „*  °"1'-  tha"?'  «  of  2.  uke  fcuc 

—  — -  "■  S!-Pi  are  . 


that  ot 


Step  i 
Step  2 

Step  3 
Step  4 
Step  5 


d  The  -**00  v  (iruri  the  range 
uke  base  16  Seccndh  remairxfct^ _ _ 

.  r  be  berv'ecn  !hc 

note  down  quotient  and  remainder  Rem-uncte 


if*  arc  as  follows 

kde  decimal  number 

:  D'v,dc  number  b\  16  and 
ranee  o  t0  15 

:  Dh  isiori  of  quotient  occurred  b%  16 

Pep^dt  step  '  till  quotient  is  no  longer  duisible  b>  16  L^C)' 

EqunaJcnt  hex  numbers  are  read  from  bottom  (this  become  MSD).  to  top  iih»^  becC,nCS 


l 


N ote  :  (1)  0  to  9  of h 


ex  5  0  -  9  of  dec  — ai 

(10)io  “  A 

ni^o  =  9 

d2i10  =  C 

(13, 10  =  D 


(1-5 


10 


<15)10  =  c 

(2)  To  represent  hex  number  we  use  'H  or  h  e  g  12  A  F  H  <12  A  F  h) 

(3)  The  method  mentioned  above  is  va  d  only  for  Integer 


Ex.  21  :  Convert  '2333i10to  its  equivalent  hex  format  (2338), 3  =  (?) 

Solrt.  : 


16 


>338 


Quotient 


Remainder 


1  Juno  99,  1  Mark) 

Original  rumhtr 


16 

16 


146 


(Decimal) 

1 


9 


(2338)|0  =  (9  2  2)j6  =  922  H 

r  r 

(MSD)  (LSD) 


►  9 


(LSD) 

(MSD) 


00  •  _ .  / 


Scanned  by  CamScanner 
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Soln. 


1-21 


Numb m  SyUmns 


16 


16 

16 


1 023 


Quotient 


Original  number 


Kemmndi-r 


S 


63 


3 


( 1 023)  10  =  (3  f  F)1(S  =  3FFH 

T  T 
MSD  LSD 


(Decimal) 

15 

15 

►  3 


(hex) 

F 

F 

3 


(l.SD) 


tnr  nr 


I 


rr>. 


(MSD) 


Sl  r 

743 


Ex.  23  :  Convert  (461  )1{J  to  its  equivalent  hex  format 

Soln.  : 


16 


461 


Quotient 


Remainder 


(Decimal) 

(hex) 

16 

28 

13  — 

- >  D 

(LSD) 

16 

1 

12  — 

— »  C 

t 

i 

- ►  1 

- >  1 

(MSD) 

(461)10  =  (1CD)16=  1CDH 

Now  we  will  sec  how  to  convert  fractional  part  of  decimal  number  to  its  equivalent  hex  foimat 
method  is  same  as  previous  methods  i.c.  multiply  with  base  and  record  the  dibits. 

Step  1 


lie 


Step  2 
Step  3 


Step  4 


Decimal  fraction  multiplied  by  16. 

Record  (from  the  answer  occurred  in  step  1).  the  number  which  is  just  before  decimal  point 
Again  continue  multiplication  of  fractional  part  occurred  m  step  2.  and  recording  a  number  lust 
before  the  decimal  point  from  the  answer  occurred  after  multiplication 
Step  3  should  be  followed  depending  upon  number  of  significant  digits  required. 


Let's  solve  sonic  example. 


•X.  24  :  Convert  (0.122)10  to  its  equivalent  hex 

loin.  : 


(June  99,  1  Mark) 


Decimal  fraction 


Base 


Answer 


0.122 
0.952 
0.232 
0  712 
0.392 
0.272 


x 

x 

X 

X 

X 

X 


16 

16 

16 

16 

16 

16 


(0.122) 


10 


=  1.952 

=  15.232 

=  3.712 

=  1 1.392 

=  6.272 

=  4.352 

(0.1  F  3  B  6  4)j6 

t  t 

MSD  LSD 


Recorded 

(Decimal) 

1 

15 

3 
11 
6 

4 


Bit 

ie i 

1 


(MSD) 


F 

3 
B 
(> 

4 


— >  (LSD) 


=  ().  1  F  3  B  64  H 


Scanned  by  CamScanner 


'4a>'°  10  *•  «quival. 


X 

X 

X 

X 

X 


J*ase^ 

16 

16 

16 

16 

16 


(0.7AE14),6. 


fit  hex. 


Answer 

7.68 

10.88 

14.08 

1.28 

4.48 


Recorded  Bit 
(Decimal) 


Soln. 


•  Convert(2003Tn  I  - - 

1  uuj.3i)io  to  equivalent  hex. 

ifi  T  °k|em  we  have  to  handle  Integer  and  fractional  part  separately- 

— >  Original  Number 


16 

16 


2003 


Quotient]  (Remainder 


125 


(2°03)10  =  (7  D  3  H) 

Decimal  fraction 


Decimal 

3 

13 

Base 


hex 


3 

D 

7 


LSD 


MSD 


0.31 

0.96 

0.36 

0.76 

0.16 


x 

x 

X 

X 

X 


16 

16 

16 

16 

16 


Answer 


4.96 

15.36 

5.76 

12.16 

2.56 


Recorded  bit 


(2003.31), n  =  (7  D  3.4  F5  C2), 


Decimal 

(4) 
(15) 

(5) 
(12) 
(2) 


hex 

(4) 
(F) 

(5) 
(C) 
(2) 


1.6.2  Hexadecimal  to  Decimal  Conversion  : 

The  hexadecimal  number  can  be  converted  to  its  equivalent  decimal  form  by  multiplying  the  digits  by 
their  hex  weights.  The  bits  to  the  left  of  decimal  point  are  multiplied  by  power  16°,  161,  16:  and  so  on, 

from  LSD  to  MSD  respectively.  The  bits  to  the  right,  are  multiplied  with  negative  power  of  8  i.e.  16“ ' , 
16” 2,  16~ 3  and  so  on. 

Let's  solve  some  examples. 


Ex.  27  :  Convert  (2  AF)16  to  equivalent  decimal. 

Soln. : 


Hex  Number 
Weights 

2  x  J62  +  A  x  I61  +  F  x  16° 
2  x  256  4-  10  x  16+  15  x  1 
512  +  160  +  15 

(0»  7)l0 


(MSD) 

2 

2 

162 


A 

10 

16' 


(LSD) 

F 

15 

16° 


Scanned  by  CamScanner 
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Ex.  28  :  Convert  (0  F2/),g  to  its  equivalent  decimal  form 

Soln. ; 


Number  Sy*ten 


MSD 


Hex  Number  - » 

Wights  - * 

-  Ox  16°  +  F  x 


-  (0.94702)10 


i 

0  .  F  2 

16°  .  16  1  16  J 
16  1  +  2  x  16  2  +  7  x  16 


LSD 

i 

7 


Ex.  29  :  Convert  (10F  2F)1g  to  its  equivalent  decimal  number 

Soln. : 

Hex  Number  - >  1  0  F  2  F 

1  0  15  2  15 

Weight  - >  lb2  16'  16°  16  '  16  * 

=  1  x  162  +  0  x  161  +  15  x  16°  +  2  x  16  '  +  15  x  16  : 

=  271.1835937 


-Pi&tai 


system. 


on  °^>  and  50 
1.7  r„  ■  *0  to  n.  20  to  27.  30  to  37  and  so  on. 

— — J^onversion  :  — 


octal,  Hex  to  binary  hA*  ^  g°ing  t0  study  conversion  of  one  tvpe  of  numbering  to  oth*l!^!y  /  octal  or 
Vice  Versa.  ^ t0  octal  «*•  Uptill  now  we  have  studied  decimal  to  hex  /  b‘"ar> 


1,7,1  Binary  to  Hex  : 


\  i  o '  ^ 


hex  dSrCfS,0n  UC  8roup  binar>  bi,s  in  group  °f 4  hits  (Nibb,c)  and  vvc  wiU  find  ?V*  c0,lcSP° 

Say  for  an  example.  ,  \  '  <  •  r  fc; 

Given  binary  number  is  1  1  0  0  0  1  1  0. 

Now  start  grouping  from  LSB  bit  and  travel  right  to  left 

•LLiiii  iUJJl  — >  Binarv 

T  T 

MSB  LSB 

Now  refer  Table  3.  You  will  find  that  (1  1  0  0)2  =  (C)16  and  (0  1  1  0)2  =  (6)16. 

•  •  (i  1  0  (!  P  1  1  0)2  =  (C  6  H) 

The  abo\  c  metliod  was  for  Integer.  For  fraction,  basic  remains  same  i.c.  you  have  to  group  4  bits.  But 
icre  starting  point  is  after  Fraction  Point.  For  example  if  given  binary  number  is  0.0101 1101. 

then  0,0  1  0  1,  ,110  1,  - >  Binan 

U  It 

0.5  D  - >  Hex 

(0.  0  10  1  110  1)2  =  (0.  5  D  H). 

Ex.  30  :  Convert  1-  1  0  0  1  1  0  .  0  1  1  0  1  0  to  its  equivalent  Hex  form 

Soln.  :  If  you  count  Integer  and  fraction  part  of  given  number,  you  will  find  that  we  have  7  bits  for  Integer 
and  6  bits  for  fraction.  Hex  we  have  to  add  extra  zeros.  After  adding  extra  zeros  we  get. 

.  »  I  I  »,  ■  »  I  I  0 1  • ,  »  I  I  «,  ,  I  o  (>  ()  .  =>  bmatv 


r  UV.A. 

Here  adding  zero’s  in  Integer  part  at  MSB  bits  and  adding  zero's  in  fractional  part  at  LSB  will  not 
change  the  actual  binaiy  number. 

/.  (110  0  11  0.  0  110  1  0)2  =  (66 . 68), 0 

(Leading  zeros  in  Integer  part  and  trailing  zeros  in  fractional  part  arc  Don't  Care  for  us ) 

-X.  31  :  Convert  (1  1  0  0  1  0  1  0  1  11  1  1  0)2  to  hex.  ~  "  '  - - - - 

oln. : 

idcd+-/()  ()  I  _Ji  ill _ 0 _ 1 _ 0j  A0 _ 1 _ L  i  i  y  0  _ 


10  11, 


(M  00  I  0  I  0 1  I  .  1  1  1  0)2 
Scanned  by  CamScanner 


(3  2  B  .  E)16. 


- - ! — L  =>  binary 

E  =S  u.„ 


E*  32  :  Convert  (1  1  0  1  0  1  1  1  0  1  0  1  1  1),  to  b** 

»oln. :  (ti)  j _ i  )t  ,o  |  „  j  ^  |  o  ^ 

u  u  a 

O  3  D 

- ^  1  0  J_°  1  1  10  10  1  1  l),  -  n  3  D  7) , 


i!> _ L_J _ 1j>j 

# 

7),* 


1.7.2  Hex  to  Binary  Conversion  :  ,  k  ** 

Wc  kiKiw  that  one  digit  of  hex  is  group  of  four  bits  of  binary  So  converting  hex  to  binan  ls  exactly 
reverse  of  v*  hat  we  have  done  in  Section  I  7  I  Binary  to  hex  conversion 
For  example  if  HEX  is  (A  1  2)u  then  binary  is 


*  2  1  hex  [Refer  Table  3| 

^  U  U  *  binary 

1010  0011  0010 

(A  32  H)  ■  (1  0  I  0  0  0  1  |  0  0  1  0), 


Ex.  33 

:  Convert  (F  E  A)16  to  equivalent  binary 

Soln. : 

Refer  Table  3  for  conversion 

F 

E 

A 

- »  hex 

U 

U 

it 

1  II  1 

1110 

10  10 

— »  binary 

(F  E  A)lfi  -  F  E  A  H  -  (1  1  1 

1  1  1  1  0  1 

1  It  1  0), 

Scanned  by  CamScanner 


u 


»t*n*- 


'\0  v 


Binary 

Grouping 

Octal. 


3«  :  Conv,rt^7TToi)tote  ~ - — - — ^  "TT- 

"  ®<iuivalent  octal  numbar  r:~"i  ^  N  ,  ,  .  *  ' 

c  \  .’Cf  ' 

-2 — L_!  o  o  i  _ , 

„  — — - L  >  Binary 

v  Jl 

^  - *  Grouping 

_  •'•  <01100I),  l  mC~*  0021  _ 

- 

Soln.  :  n  i  , 

°  j _ 1 _ 0  1  0  1  - >  Binary 

q  j!  ^  - >  Grouping 

_ “  (0  •  1  1  0  1  0  1)2  *  (0 . 65),  5  *  00131 

10 1)2  to  octal.  ~~ 

s°||i.  .  c.  1  o  0  1  0  1  o  .  o  1  1  Q  o  1  ol 

We  start  combining  groups  of  three  bits  in  either  direction  from  Fractional  Point  It  required  p 
zeros  to  extreme  left  or  extreme  right  of  the  binary  number  to  complete  three  bit  group,  a5  **  helps  tn 
grouping  but  does  not  affect  the  number. 

*c  -2 _ Q  1  0  0  1  0  1  0  .  Q  l  l  0  0  1  0  1  0  - >  Binary 

U  Ji  JL  II  ii  II 


Binary 

Grouping 

Octal 


0  0  1  010 


Binary 


(1  oo  1  0  1  0. 0  1  1  00  I  0  l)2  =  (1  1  2  .  312)g. 

Ex.  39  :  Convert  (0  .  1  0  1  1)2  to  octal. 

Soln.  :  (0  .  1  0  I  l)2  =  (0  .  1  0  1  1  00  ),  =  (0.5  4),. 

Ex.  40  :  Convert  (1  10  1  1  0  1)2  to  octal  number.  "  - - 

teft  "e  SSTS 10  ^  kft  °f  nUmber  “  “  d<>eS  m  Cha"ge  "*  number  Groupm8  done  froni  "PM  tc 

(1  I  0  I  1  0  1),  =  (  0  0  1  1  0  1  1  0  1  ),  =  (1  5  5)r 


1.7.4  Octal  to  Binary  Conversion  : 

This  is  exactly  reverse  of  what  we  studied  in  section  1.7.3.  In  this  case  octal  numlw  „  v 
Vou  have  to  refer  Table  2  and  go  on  putting  3  bit  binary  value  for  .k.  WU1  **  S**® 

xamples.  ,he  same  Let's  soKe  soi 

X,  41  :  Convert  (746),  to  binary.  "  ~  " _ _ _ 

o/ii. :  In  binary  7*111 

4*100  *  3  bit  binary  representation 
6*  1  1  Oj 

(746),  *(!  I  1  100  1  10)2. 

Scanned  by  CamScanner 


-Digital 

soln42 : 

•  i  ;  i 

(05«)t  =  <o11o|0|0ooo°11,‘ 

cr  ~  '2 

^  •  Convert  (12  3  q  ■»>  - - 

Soln.  ;  '  5  6  7>«  '»  binary. 

1  2  1 

J*  u  J 

(123  5671  °"  >0>  UO 

7)8  ■  °-0  10  100  M.  ,0  ,,10,,',) 

- -^-iLg-l  OOl  1.  10  j  l  .lm  i  n 

1-7.5  Hex  to  Octal  Conversion  : 


K'-;  * 
i  “ 


6  7 

u  a 

110  in 


Octal  (Refer  Tabic  2) 
binaiy  equivalent 


r .  n  r  ■< 


f" " cach  **  ** *» 

solve  some  examples.  (  3  h  tal  d,Su  ,s  combination  of  Uircc  bits  '!  Let's 


Ex.  44  :  Convert  (T5e)16  to  its  equivalent  octal  form  ~ 

Soln. : 

(  4 

C 

E 

)l6 

- >  hex  — 

II 

II 

II 

(0  100 

1100 

1  1 

10)2 

- -»  binaiy  __ 

0  1  0 

0  1  1 

00  1 

1  1  0 

h  — > 

•  II 

II 

II 

II 

(  2 

3 

1 

3  )g  — > 

Note  that  grouping 

of  bits  in  'three' 

is  done  from  LSB 

(4  CE) 

16  =  (2  ^ 

1  3)g. 

Hex  to  binary  Conversion. 


Octal  _ 


Binary  to  octal  Conversation. 


Ex.  45  :  (0  .  12  E)16  =  (?)8 

Soln. :  The  question  is  to  convert  hex  to  octal. 

(0.1  2  E)16 

II  II  II 

(0.0  00  1  0  0  1  0  1  1  1  0)2  - >  binaty- 

(0  .  0  0  0  1  0  0  1  0  1  1  1  0  )2  — >  binary 

II  II  II  li  |  binary  to  octal 


— >  hex  “1 

- 1  hinnn/J 


hex  to  binary. 


(0.0 


6), 


Octal 


> 


Note  that  bits  arc  grouped  starting  from  the  fractional  point  and  moving  right. 
(0.  I2E)16  =  (0 . 0456),. 

Scanned  by  CamScanner 


In  this,  the  operation  is  totally  reverse  than  what  we  have  done  in  section  1  7  *  ^irsI  -  0U  .  _ 
ert  octal  m  k—  - -  --  binary  to  equivalent  hex,  (group  of  *  btU)- 


- - V  ■VFWIJV  UWJI  VTlIdt  V*  \ 

com  en  octal  to  binary  (group  of  3  bits;  After  that  convert 
solv  e  some  examples 


Ex.  47  :  Convert  (371),  to  equivalent  hexadecimal  form 

Soln.  : 

0  7  *>1  - >  Octal 

V  V  u 

(Oil  111  0  0  1)2  - »  Binary 

Binary  number  is  0  1  1  1  110  0  1  Group  them  into  four  bits,  starting  from  rigid  to  left 
(0  1  *  jj  t!  <]  ()  ^2,  - *  binary 


] 


Octal  to  binary  Corn,  ersion 


o 


— 


binary  to  hex  conversion 


if 

(0  F  9K  - ,  tex  _ 

Now  in  above  case,  we  have  leading  zero,  which  is  of  no  use 
Final  answer  is 
(371)s=(F9)h  =  (F9)I6. 

Ex.  48  :  Convert  (0  207)g  to  hex  form 

Soln. : 

(0.  2  0  7), 

HUM 

(0.  0  1 0  000  M  I)2  - *  binary  J 

Binan  number  is  0  0  I  0  0  0  0  I  1  1  Now  start  grouping  of  4  bits  starting  after  , 

and  from  left  to  right  Add  additional  zeros  to  extreme  right  if  required  8  ^  a^twnal  poit 

'  n  n  A  I  1  I  0  .  I  1  1  0  0  I 


Octal 


Octal  to  binary. 


100  0 
You  hat  e  to  add  extra  zeros 


( 0 


1  00i 


J 

(0  4 

(0.207),  -  (0.438)I6 


0  0  1 


H 

3 


h 


tl  0  0  0), 

I 

8) 


binary 

hex 


binary 
to  hex 

00  aversion 


Scanned  by  CamScanner 


J; 


E*‘  4®  :  Convert  (43Q  71),  to  rt,  .quivalent  hex. 

8oln. ; 


1-20 


Number  System 


Av»  f , 


-> 


Octal  Octal  to  binary  conversion 


i  i 


(4  3  6*7 

u  a  u  u 

on  no  .  in 

Binary  number  is  (10001 1 1 10. 1 1 1001) 

W  Slart  8fonping  binary  bits  in  group  of  4  bits.  Add  extra  zeros  on  extreme  right  or  left  if  required 

10  0  0  |  j 


»>, 

u 

001)2 


Binary 


1 


Vou  have  to  add  extra  zeros. 

- L»  0  0  1110 


10  l 


1110 


0  1 


U 

x 

(436  71), 


1110 


0  10  0 


u 

E 


binary 


a 

E 


u 

4 


(8E.E4) 


licx 


\Jr 


Conclusion  :• 

Bisy  way  ,0  remember  conversion  rules  is  as  follows 


(i)  Decimal  to  binary  -  division  bv  2. 

(ii)  Decimal  to  octal  -  division  by  8. 

(iii)  Decimal  to  hex  -  division  by  16. 

For  converting  a  decimal  number  to  any  form,  divide  the  decimal  number  successively  by  the  base! 
of  tfiat  form,  as  illustrated  above. 

(iv)  Binary  to  decimal  -  Multiply  by  power  of  2. 

^(v)  Octal  to  decimal  -  Multiply  by  power  of  8. 

(vi)  Hex  to  decimal  -  Multiply  by  power  of  16. 

For  converting  any  number  system  to  decimal,  multiply  the  digits  by  powers  of  that  system. 


(vii)  Octal  to  binary 
(viii)  Hex  to  binary 

(ix)  Binary  to  octal 

(x)  Binaty  to  Hex 
Finally 

(xi)  Hex  to  octal 
(xii)  Octal  to  hex 


Represent  each  octal  digit  by  three  bits. 
Represent  each  hex  digit  by  four  bits. 
Combine  groups  of  3  bits. 

Combine  groups  of  4  bits. 


Convert  hex  to  binary'  and  binary'  to  octal. 
Convert  octal  to  binary-  and  binary-  to  hex. 


1.8  Floating  -  Point  Numbers : 


'  All  the  numbering  systems  which  we  have  studied  so  far  fall  into  the  category  of  base  r  fixed  p 
numbers.  Fixed  point  number  means  The  fractional  point  (decimal  point)  is  once  finalised  will  be  f. 
The  fractional  point,  is  fixed  within  each  n  bit  number  word.  For  example  if  my  system  is  of  bn, , 
define  that  my  fractional  point  is  at  5th  bit  then  binary  fonnat  will  be, 


Scanned  by  CamScanner 


1  30 


I 

I 

I 

( 


Nurr <>•* 


jfCiCrf  14 


*b.ts  °  2  B  , 

.  **erc  y°u  should  raCUonal  Pomi'  ' 

T  ,‘abrUp,,>  ^^ab^vc°^lan,y  rMjn*bc'  of  bm  arc  finalised  for  »  particular  tystem,  > 
fi  i4  *'  B :  B,  B0  B  ^'b8'  "“wnwini  number  we  can  repreaerl  i*  *^1  can  feprc 
4  B2  b,  b  b  r  2  8  1  *  (°®000.000),  Maximum  number 

To  increase  the  rLe  of ,  J  ®  1  “  0  1  1  1  1  1  *  »)2  i  e  (31  *75j10  number  of 

6,15  Let’s  »aJce  example  for  32  hlfnUmbera  10  **  »epsocnied.  the  obvioui  wlution  is  to  «  you 

can  represent  is  s>stcm.  Take  that  integer  part  is  of  32  bit-  Then  m  — 

Bu  Lf'j  4'  294,  %7’  2,5  '  4  29  X  10’  hi, 

-  Secondly’ mTmmum' mmh^T"'  Ansaroms  ""'"ber  i  e  4 (17  x  1(>«  A°  ihcn  H  .«  «>'  P°ss'^! 

1  "«s  of  electron  '  '  "V”*"  ■"  above  rose  is  (0>„  -  zero  But  if  I  want  10  represent  suppo 

Here  vou  m*,  *  °^ram  *"C'  *  67  x  JO  27  kg,  it  u  not  possible  , 

because  your  sw  ,0  *ncrcase  number  of  bits,  but  just  increasing  number  of  bits  is  not  the  so  u  i 

c  Point  number  i  ^  Sh°U,d  SUPP°rt  ,hal  "*">  numbcr  of  b,ts  So  ,hc  conc,uS,on  ,S>  f°f 
s  Remedy  •  re*>resen*aBon  one  cannot  represent  very  large  number  and  very  small  number 

*T*t_ 

over  tn  t^r  °VCr  above  problem  is,  to  represent  very  large  and  very  small  numbers,  we  have  to  switch 
am  ft*  a  '  *C  ^°*a**on-  In  scientific  notation,  number  is  in  the  form  of  N  =  M  x  !(/',  where  M  and  E 
arc  fwed  points  numbers  called,  Mantissa  and  Exponent  respectively 

, n  ,n*e^cr  ,baf  specifies  the  number  of  zeros  to  be  appended  to  M,  to  obtain  Floating  point 
„  I™,,,,  Cre  V0U  Question  that  why  the  Version  of  Scientific  Number  (notation)  is  called 

LO£'Z7uZ  7  Ttr1  m  we  wi" “•  simp,c  examp,c 

This  number  can  be  represented  as 
1000234  x  10  3  10  00234  x  102 

100023.4  x  10" 2  1.000234  x  10} 

1000234  x  10  1  0.1000234  x  104 

1000.234  x  10° 

100.0234  x  101 

In  representation  of  (1000 . 234)Ia>  you  must  hav  e  observed  that  decimal  point  is  not  fixed  as  such  It 
:an  FLOAT  from  number  to  number  depending  upon  power  of  10.  Normally  in  scientific  nnt^.i.n  , 
epresenf  number  as  M  x  Be.  Therefore  depending  upon  our  requirement  we  set  E  and  in  M  will  it  * 
'ecimal  point  to  float.  Therefore  it  is  called  as  floating  point  numbering  system  M  °W 

In  N  =  ±  M  x  BE,  B  =  base  of  floating  point  number  system  We  have  taken  base  =  in  fftr  ^  -  , 

Kero.  But  for  broaty  number  it  will  be  T,  B  =  2.  Let's  see  the  format  of  floating  pom,  number 


Sign  of  number 

0  s  +,  1 X  - 


8  bit  signed  exponent 


23  bit  mantissa 


M  (Magnitude  only) 


Fie.  19 ;  Format  of  typical  32  kit  floatin.  «»i_. 

Scanned  by  CamScanner 


_ _ 


Ir'M 


MWpb«  f  b/f<W. 


,,  .  — ~ . - — . 

lefi  11  for  Oomliiu  point,  Tlw  »lgu  H,  Ifulicuint)  tlgn  of  inimMw  This  bit  U 

nombcrs  piuht  m.  l>°N  *  °M  ,0  compallhilliy  willi  the  «ij/n  convenwtlnri  for  fixcA  point  blraiy 

bhvirv  inteuer  ,,,C  'lfiC<  ,<  r  CHlM,nonl  *’>  w,,*i  winniiiing  23  hilt)  for  numliMfi,  li  represents  Dy/rA 
0  <n,c«cr-  so  ,h»'  e^ncm  value  can  range  from  ~  I2K  lo  ♦  127. 

number  in  the  form*^ ll,l,l*u^ ,s  nre  ntandanJinccJ  by  IliliE,  According  to  it  wc  luivc  to  represent  floating  point 

*  1  .  M  x  2'1  -  127  (Single  Prccinlon  -  32  bit) 

±  1  .  M  x  2h  ,0*1  (Double  Precision  -  64  bit), 

Merc  M  «  Mantissa,  E  -  E'  -  127.  'Hie  format  is  shown  in  Pig.  1,10. 


r_J_ 

n 

23 

s 

Exponent  (E*) 

Mantissa 

(u)  Single  precision 

i 

11 

52 

s 

Exponent  (E*) 

Mantissa 

(h)  Double  precision 
Fig.  1.10  :  IEEE  754  format 


E  =  E'  -  127 


E  =  Exponent  of  number. 


E'  =  E  +  127 
The  range  for  E'  is  0  to  255. 

Before  we  go  deep  into  exponent  first  understand  what  is  l.M.  Whenever  any  number  is  given  to  you, 
to  represent  it  in  floating  point  number  system,  you  have  to  bring  down  to  the  format  l.M.  Say  for 
examples  where  the  number  given  is  0 . 0  1  1  0  x  26.  Presently  the  number  lias  form  0  .  M  M  =  01l  0. 
But'  we  want  1  .  M,  So  now  shift  number  to  left  side  till  you  get  1  .  M.  While  shifting  the  number  you 

have  to  adjust  exponent  also. 

0  o  1  1  0  x  26 - *  Actual  number 

. .  Shift  operation: 


0.110x2- 
1  .  1  0  x  24 


After  1st  shift 
after  2nd  shift. 


Now  stop  here  as  we  have  1  .  M.  Now  M  10. 
/.  The  floating  point  number  has. 


M=  10 

S  =  plus  (positive) 

E*  =  E  +  127  =  4  +  127  =  131  s  (1  0  0  0  0  11)2 

/.  Number  is  as  shown  in  Fig.  Ul 
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rt? -  1  1 ;  r  .c-azae  pctni  :i«nseaan.:n  zf  .  =  r 

FmaJv  ournter  ts  <  0  l  '  •  0  I  ’  '  ' 
tn  Sec  we  ha^  e  >  -»  *  a  o 


1.8.1  De-\orma  sed  —  '♦  z< —  a  s«-2 


'  I  '  0  «  IJ  mmccr  n  'c.icv.n  pno*.  ’  :u  :  ^  *“  *. 


While  Rqjiuaemng 

exponent.  nil  yea  act  l  U  TTte  wrier  «;  kt  uvcr  7cr*'mmng  ms  xenix  *  .s  '  r 

Number*  »  e  brought  iewn  rc  our  reauueemni  SextkiN  f  :u  wse  xanng  :‘-,rl  *cir*c,ir  1 
t  \f  *  2'  represent::’*  t  _n  -~~  -'I'-rua  i*  inner7  "~vz 

~  —<  z.  -  ^ _ 7  2LTH 

same  is.  [i  is  r-  cfcfaoii  Jua  -»e  shcold  xr-t  .  refere  fmcicaai.  witf  -  .■ :  ^ 

bxse  B  into  account  because  it  is  iefjulL  *  -  i:n*  cuce  '.  me  icctu®.  :'i'  i  -L-e  —  ~~  T"‘~ 


5:r  -is 


*  bene  er  we  perform  irr-  ;  cent.  in.  t  ■»•£  met  ane  acccum 

From  jfc-cv e  iscusaacn  v;»j,  musi  :e  oc*»  r-  «n  *t3.  re— Tcmoiseri  lumper  _e--u.mi^. 
TLAW*  number  wiic"  iresn  *  f:  c*  '  V.  fomar 


lLnaser  ~ 


* 


* 

t 


Ring*  ■ 


Each  :Tcjt  pc  *t  nat  5  agfe  : 
wr±i "  Omai-  ~ir.ii?  Oererii:j«m  amc 


'tegaht* 

-jrev  E*cr*ssc»« 

ev«r^*CW  "Ur~cer3 


ecL“-: men  e  pr^rmc-  is  encsn* 
’’rrostnoor  r  j  sic -si  e  *i  ' 


Eo^xt 
rcsirw  -u-ctem 


x  nem-.'ssgTT 


'*e^tnvo  =>osr^ 

xo*'" 


■*; 


**«,  LI2  :  Ltprns^!*  tanben  a  pm  itpmmfra 

Fi*  M2  stows  tic  waakxn  dot  can  be  cxpeesal  **  ifsadei  jart  » 

*  shaded  parts.  numbers  r  set  rqraeaafce  Repem  jfefc  n«y  :f  a^-*hen  ^  ^  *>r,t 

Fhe  repens  are  ad  iiidaded  a  the  pt'cp  11  ' 

(1)  ScgJtnc  nurben.  tfcc*  are  ander  aepir.c  c*«fc» 

(2)  Ncgatr.e  rurixn.  these  are  «ader  nepc%-e  ndeiScv 
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Significand  (Mantissa) 

Value 

*  0 

NAN 

0 

(-  1  )*« 

- 

(-  l>s  21'  1:1  (I.M) 

/  0 

(-  l)‘s  2  ,:a(0.M) 

0 

(-  1  )s  0 

Double  PmiM.tn  (<*4  bit %) 


Sit’nifitand  (Mantissa) 

Value 

*  0 

NAN 

0 

(-!)*« 

— 

(-  Ds  2K  10:1  (I.M) 

t  0 

(-  1  )s  2* ,o::  (0  M) 

,0 

(-  irs « 
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m 

0  0  j 

1  0  X  2® 

* 

M 

- 

0 

E 

m 

E’  -  127 

0 

• 

£’  -  127 

^cnorni4lj*cd 


S  E‘  M4rtD«*» - - 

CT  I  0  I  |  |  1  M  I  To  oZl^J? - » 

I  '  S  bits  2ib.u 

Floating  point  number  i*  (I  0  II  I  I  I  I  I  0  0  Ob  and  (B  F  *  ” 
WO  (0  5)|0 

W  ^io  “  (0  llj  “  I  0x2-2' - »  Normalised 

As  number  is  -fve  S  »  0 
E  -  F  -  127 

-  I  -  E’  -  127  E*  ■  126  •  (0  I  I  I  I  II  0), 

M  ••  O 


S  _ F _ 

I  o  1  o 1 1 1  iiio  |oo  2 

Floating  point  Number  is  (0  0  I  I  I  I  I  I  0  0  0  0>. 

(1  F  n  n  o  o  o  o  )it  i  c  Ht* 

(Hr)  <!<!),„ 

( 1 0 ) | ,}  »  (I  0  I  OJj - *  Dc -normal  t\cd 

I  0  |  0  x  2'  —  »  Normalised 
S  ■  0 - ♦  A*  number  is  nc 

M  •  o  |  o 

E  -  E*  -  127 

1  -  E  -  127  F  -  127  ♦  %  •  (|.10)|C  •  (I  00  0  00  10). 

S _ P _  Minimj  •  M 

j  II  1  III  I)  I)  I)  0  |  (I  0  1  » »  I) 

f  toj"nr  P>’»"  »  (»  I  0  n  «  n  o  I  u  n  Ion  oi.*«d  in  lex  4  I  2  0  0 1>  o  o  H 

(*)  (’  *2  x  |0:)„ 

*  (JW0)„  *(1  10001000), - >  De-nomultstd 

Normalised  number - »  I  1  0  0  0  |  o  0  o  x  2* 

Here  5  bu  *  0  — » because  number  is  nt 
M *  I  0  0  0  0  0  0 

E  *  E’  -  127  *  (S){0  F-(U5yw«(l000  0  1  | 

S  E 


•••  0  il00n  0  1  I  I  f  I  OOP  m  ftr 


. 0 


Scanned  by  CamScanner 


- - - 1-35 _ _  _  NomtHM 

4lr  .  *‘,oaUl»K  ptMnt  number  in  binaiy  is  (0  I  0  0  0  0  I  1  l  1  0  0  0  10  0  0  0).  and  in  he* 

*  v  4  0  0  O  o  H 

il_  Codes : _ 

bc,nK  *****”  °r  wor^s  arc  represented  by  a  special  group  of  sy  mbols,  we  say  that  they  are 

,,  f  C  ^  ^ro,JP  °f  symbols  is  called  a  Code  Whenever  you  want  that  while  commuiucaUng 

,  c  Vour  r,c‘nd.  nobody  should  know  what  you  arc  communicating,  you  take  help  of  Coded  famg wage 
So  ^  ,n  a  ct>de  words  such  that  only  your  friend  can  understand,  nobody  else  will  understand  it. 

co  d  message  keeps  your  information  secret 

Here  you  may  ask.  that  in  digital  where  the  ‘codes'  arc  used  The  answer  is  we  arc  studying  digital 
ectrorucs,  keeping  in  mind  that  in  future  we  built  microprocessor  or  computer  Now  a -days  computers 

•  re  used  for  scientific  and  business  applications,  or  1  viy  computers  arc  used  every  where  Following  arc  the 
xiinis  to  use  codes 


(1)  !o  allow  computer  to  perform  fast  scientific  calculations  like  add.  subtract,  division, 
multiplication,  log.  antilog  etc  .  at  high  speed  and  with  more  precision,  one  should  use  less 
HARDWARE.  Therefore,  we  should  have  the  codes  which  gtscs  you  all  mathcm.it ical  calculations 
with  less  number  of  steps 

(2)  In  computers  (digital  system)  we  use  form  of  binarv  numbers  for  their  internal  operations,  but  the 
asternal  world  is  decimal  in  nature  It  means  that  conversion  from  biturv  to  decimal  ami  vice 
versa  arc  performed  often  We  have  seen  that  the  conversions  between  decimal  and  lutuis  tan 
become  long  and  complicated  for  large  numbers  For  this  reason,  a  means  of  encoding  decimal 
numbers  that  combines  some  features  of  both,  the  decimal  and  btturs  system  ts  requited 

(1)  Computer  also  deals  with  Non  numerical  Information  like  alphabet,  punctuation  mark*  and  other 
special  character!  as  well  as  numbers  To  allow  computer  to  handle  all  these  non  numerical 
information,  we  have  to  have  codes  The  codes  which  represents  non  numerical  information  arc 


called  alphanumeric  Codes 

,4)  Presently  I  was  .alkmg  about  compu.cn  Use.  can  toe  one  or  more  number  of  computer  ol 
computers  If  the  user  have  two  or  more  number  of  computers,  ho'shc  w  ill  ms.st  that  um.pulen 
should  Cmm.nic*,  wr.h  each  other  The  med.a  fo,  commumcatron  wtll  be  w.rcs,  wtreleu  o, 

fiber  optks  The  graphical  presentation  is  shown  in  hg  I  I  - 


Fit.  113  =  Commonketion  between  computer* 
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/  \ 


-Digital 


NufO^*1 


.anted 


problem  inv  ~  -  — I"3®  _  (|»c  unwanted 

s'Snal  i.c  'M0jsc,  .  l^*s  ,s>  whcn  computers  communicate  with  each  ‘  .  gccuusc  ol 

,his-  c°irupieci  data  will^h"  C  ln,°  P‘C,urc  and  11  may  cornipt  your  data  ,n‘dw^-  {U<&  Juts  to  lK 

sonic  means  bv  wh  -k  c  rcce*vcd  by  tlie  receiver  end  oftlic  computer  IC  cl„i  correct  t  w 

problem.  Theref  ^  C°mpu,er  ean  d*tect  error  and  if  possible  alter  detecting  ^  ^  meeting 
and  error  cor*  U^lc  Performing  communication  between  computers  "L  11  nir,g  codes 

for  talr  *  “**•  «  use  parity  method  fo,  ermr  dometmK  and  Hand 

s  ^  wci 11  as  correcting. 

nieasurc  s|Ufl  Pr°blCni  Up,il1  now  wc  ,uvc  talked  about  computers.  D'Kital  can  **  ,nduStrial 

machine  iV  P°SlUon  withou*  interfering  with  its  motion  This  is  mainly  tcipnn  urc 

2m  ne  “>ols.  The  Fig.  ,.14  wiI,  shtm  vou  how  digit;ll  method  is  implemented  to  me 
angular  position. 


4-channel 
light  beam 


Fig.  1.14 :  Optical  measurement  of  an  angular  position  of  rotating  shaft 

As  shown  we  are  going  to  use  optical  technique  for  the  above  problem,  A  spe  al  A  v 
9der,  through  which  a  beam  of  light  can  be  passed,  is  attached  to  rotating  start  -nil'  ^  an  0ptical 
i  disk  is  sensed  and  processed  by  electronic  circuits.  If  you  observe  figure  f  ^  l*8ht  cmcr8ing 
ncodtr  disk  has  translucent  and  ooaaue  regions  in  nattemc  th*« ... _ _ ...  .  ^  you  will  find  that 


m  coder,  through  which  a  beam  of  light  can  be  passed,  is  attached  to  rotating  shaft  *nl’  ^  ^  0ptical 

rom  disk  is  sensed  and  processed  by  electronic  circuits.  If  you  observe  figure  f  ^  cmer8,n£ 

ie  encoder  disk  has  translucent  and  opaque  regions  in  patterns  that  varv  with  if***  ^  you  r»nd  that 

y  wun  ns  position' 

AfjamptioB  :  When  the  light  beam  to  a  particular  sensor  is  blocked,  th* 

be  logic  I.  When  light  reaches  to  sensor,  it  will  produce  out^unog^  **  Stnso>  wiU 
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-Digital 


1-37 


B.  B0 


Sensor  produces  a  pattern  of  binaiy  signals  B,  B 


Number  Systems 


* 


The  value  of  B,  B2  B,  B0  represents  current 

*)ngular  position  of  the  disk.  In  short  it  provides  4  bit 
•approximation  of  tlvc  angle. 

Tig.  1.15  shows  optical  encoder  disk.  The  disk 
contain  four  concentric  circle  (tracks).  Disk  is  divided  in 

16  angular  segments  of  equal  size.  (22.5°).  We  have 
en  16  division  because  4  bit  -  B3  B2  B,  B0  provides 

16  b,nar>'  statcs  If  we  want  to  increase  accuracy,  one  can 
increase  angular  segments  and  can  increase  number  of 
bits  that  will  appear.  If  you  observe  figure,  you  will  find 
that  every  segment  lias  a  unique  pattern  of  translucent  (0) 
and  opaque  (1)  areas  assigned  to  its  four  tracks.  A  4  bit 
binary  number  is  obtained  by  reading  four  tracks  via 
light  sensor.  Let's  consider  that  'I'  part  is  in  front  of 
light  source.  As  all  tracks  of  I  are  translucent  you  will 


ugiu  source,  as  all  tracks  of  I  are  translucent  you  will 

get  B3  B2  B,  B0  =  (0  0  0  0)2.  In  segment  'J',  outer  track  Fig.  1.15  :  Optical  rotary  encoders  disk  that 
is  dark,  so  you  get  B3  B2  B,  B0  =  (0  0  0  1)2.  The  next  uses  ordinary  binary  code 

'K',  segment  is  0  0  1  0.  Thus  a  complete  revolution 
gives  B3  B2  B,  B0  =  0  0  0  0,  0  0  0  1,  0  0  1  0,  0  0  1  1  ...  1 

continue. 


uses  ordinary  binary  code 
111.  After  that  again  same  drain  will 


Problem  : 


When  shaft  rotates  and  the  boundary  region  of  two  segments  passes  optical  sensor,  some  or 
all  of  the  4  bits  B3  B2  B,  B0  changes  at  slightly  different  times.  The  reasons  arc  as  follows  : 


(1)  Due  to  shaft  wobble. 

(2)  Variations  in  response  time  of  different  light  sensors. 

(3)  Other  physical  imperfection. 


Note  :  Two  or  more  number  of  bits  changing  can  cause  problem,  was  specified,  after  Table  1,  point  11.1 

This  is  elaborated  here. 

Let's  consider  position  A,  which  marks  transition  between  segment  L  and  M.  Let’s  consider  presently 
segment  L  is  there  .-.  B3  B2  B,  B0  =  (0  1  0  1)2.  When  A  po.nt  rotates  to  sensor,  actually  B,  B2  B,  B0 

should  change  from  (0  1  0  1)2  to  (0  1  1  0)2. 

But  here  if  outer  track  perceived  first,  then  B3  B2  B,  B0  will  change  from. 

(0  1  1  0)2. 


(0  1  0  1)2 


-♦(OlOO),- 

T 

Outer  track  perceived  first 

.  Tte  (0  1  0  0  )2  state,  which  is  unwanted  is  introduced  in  the  sequence.  If  optical  sensor  senses «, 

will  produce  error  output. 
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B^lf  RCXLtr^k,changcs  first>  wc  have 


(0  1  1  °)2- 


n  n  — "•  vtiaiigcs  lire 
3  2  Bi  B0  =  (0  1  o  1)2 - >  (0  1  I  1)2  , 

T  s  is  'vtl6n 

v,  next  track  perceived  first.  m0st  danger°U 

w  it  contains  (0  1  1  l)2  which  is  unwanted  state. 

changes  from  (111  1)2  to  (0  0  0  0)2.  '  spurious  states  i*1 

Therefore  we  should  have  such  code  which  will  not  provide  u 
Codes  are  used  most  widely.  f  the  codes  The 

We  have  covered  five  points  to  let  you  knovV  the  importance 
inform  you  about  different  types  of  codes. 


03 


02 


0,P 


Het« 


Gra- 


wil 


Weighted  Code 
(A)  BCD  Codes 

(1)  8421 

(2)  7421 

(3)  5421 

(4)  5211 

(5)  4221 

(6)  3321 

(7)  2421 

(8)  8421 

(9)  742? 


Non  Weighted  Code 


Alphanumeric  Code 


(1)  XS-3 

(2)  Gray  Code 


(1)  ASCII 

(2)  EBCDIC 

(3)  Hollerith  Code 


^gSCode. 

Hammtng 

(2)  Parity 
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11 

0  0  0  1 

0  0  0  1 

12 

0  0  0  1 

00  10 

13 

Vo  00  1 

0  0  1  1 

14 

0  0  0  1 

• 

0  100 

4 

• 

19 

• 

0  00  1 

• 

100  1 

20 

0  0  l  0 

0  0  0  0 

21 

0  0  10 

0  0  0  1 

22 

00  10 

0  0  1  0 

23 

0  0  10 

00  1  1 

24 

• 

00  10 

4 

00  11 

• 

• 

29 

• 

00  10 

• 

100  1 

30 

00  11 

0  0  0  0 

31 

0  0  11 

0  0  0  1 

• 

• 

• 

• 

• 

• 
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Nun**'-* 


item* 


5421  code 


**c'**lp»e  „  ,  UAn|.  140 

W>  "  4  2  \  vVs^  '  I'^sent  iK|(0  (hen  u  util  be  represented  }IS  •ol,oVkS 

**>1*  *  ?  4  |  ,  j, 

^  0  I 

„  j  *  421  code 

A  i  o  o  i\°  /  2  X  °  4  1  x  '  *  7  * °*  0  +  ,  “  8 
54  2  |  Code 

“  5  ♦  2  ♦  | 

'''  5  4  2  \ 

'  ^  *  I - »  542 1  code 

<*\?  -dot 

^  52 1 1  Code 

(*>,r  ■  5  4  2  ♦  | 

'''  (*>  5  >  |  |  (ji)  5  2  11 

1  1  1  0 htam  5211  code  —►  l  1  0  1 

i  "(111  0K:n  *  (1  10  l),Jn  (both  .ire  valid) 

E^it  iXMTiulh  am  code  should  hmc  unique  buur\  string  for  the  value.  Here  "C  h«i\c  1"° 
*  4,v4  .>*v  . >  ov-nr,;.  this  point  I  .ini  going  to  elaborate  within  no  time 

t«fl  4  2  2  1 

t*V  “  4  *  2  ♦  1 

4  2  2  1 

1110  - 4  422 1  code. 

<$>,<,  =  (1  I  1  0)4,;1 

tel  3  3  2  l 

(«>,*  “J+3+2-* 

.*.  3  3  2  1 

1110  - >  3321  code 

(*),o  *  (I  I  1  0)„:, 

<f)  2  4  2  1 

(8)1#«2+4  +  2“8 

.*.2  4  2  1 

1110  - >  2421  code. 

(8)]rt  “(111  0)242) 

(j>)  8  4  2  i  i  *  ' 

(*>„,  -  * 


.-.*421 
10  0  0 


842 1  code. 


(8),.  =  <100  0)842  1 
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Avwi' 

1 

s  * :  \ 

* 

X 

'42  1 

r 

* . ' 

54 :  \ 

\ 

5  2  11 

i 

3  4  2  1 

2  4  2  1 

S  4  2  1 

7  4  2  1 

X 

4 

v  v  v  n 

A  A  \  A 

0  0  0  v' 

0  0  0  0 

0  0  0  0 

0  0  0  0 

0  0  0  l' 

0  0  0  0 

0  0  0  0 

0  0  0  0 

1 

X  *>  X  I 

-  X  \  1 

0  0  0  1 

0  0  v>  l 

0  0  0  l 

0  0  0  1 

0  l'  0  1 

0  0  0  1 

0  111 

0  111 

*4 

?  1 0 

0  0  1  0 

0  0  1  0 

00  11 

0  0  t  l' 

0  l'  1  0 

0  0  1  0 

0  110 

0  110 

X 

a"  0  1 1 

0  0  It 

0  0  1  l 

0  MM 

0  0  l  l 

0  0  11 

0  0  11 

0  10  1 

0  10  1 

*  4 

a'  \  A> 0 

0  l  0  A> 

0  l  0  0 

0111 

1  0  0  0 

0  10  1 

0  1  0  0 

0  1  0  0 

0  1  0  0 

< 

V 

^  \  V*  \ 

0  10  1 

1  0  l'  0 

l  0  0  0 

0  M  l 

10  10 

10  11 

10  11 

10  10 

,MI,' 

oiio 

MUM 

MM  0 

uoo 

1  100 

1  10  0 

10  10 

10  0  1 

-% 

aM  It 

1  0  0  v' 

MM  0 

1  MU' 

1101 

110  1 

11  0  l 

1  0  0  1 

1  0  0  0 

$ 

l  0  0  0 

l  0  0  1 

MM  1 

MM' 

1110 

1110 

1110 

1  0  0  0 

MM 

>> 

M>  v>  1 

10  10 

1  MU' 

l  M  l 

MU 

11  1! 

Mil 

Ml! 

1110 

. . .  ■ 
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Representing  Number  greater  than  9  in  IK'D  codes  : 

Uptill  now  wc  have  seen  representation  of  0  to  9  decimal  in  2421.  5 
decimal  number  greater  than  9  ?  how  to  represent  it  ?  Let's  tike  an  example 
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Decimal 

XS-3  Code 

2J  21  2'  2° 

0 

0 

0 

1 

1 

0  +  3*3 

1 

0 

1 

0 

0 

1+3  =  4 

*» 

4, 

0 

1 

0 

1 

2  +  3  =  5 

0 

1 

1 

0 

3  +  3  =  6 

4 

0 

1 

1 

1 

4  +  3  =  7 

5 

1 

0 

0 

0 

5  +  3  *  X 

6 

1 

0 

0 

1 

6  +  3  =  9 

7 

1 

0 

1 

0 

7  +  3=  10 

8 

1 

0 

1 

1 

8  +  3=11 

g 

1 

1 

0 

0 

rsi 

II 

+ 

10/ — ^ 
<sn 

*5L. 

l 

0 

0 

0 

0 

1 

1 

(1  +  3)(0  +  3)  =  4/3 

QL 

1 

0 

0 

1 

0 

0 

(1  +  3)(l  +  3)  =  4/4 

0 

1 

0 

_0 

1 

0 

3 

(l  +3X2 +  3)  *4/5 

13 

• 

0 

1 

0 

• 

0 

0 

1 

• 

1 

0 

(1  +  3)(3  +  3)  =  4/6 

• 

•  1 

• 

19 

0 

1 

• 

• 

0 

0 

1 

• 

• 

1 

0 

0 

• 

• 

(1  +  3)(9  +  3)  =  4/12 

20 

0 

1 

0 

1 

0 

0 

1 

1 

(2  +  3)(0  +  3)  =  5/3 

21 

• 

0 

1 

0 

• 

1 

0 

1 

• 

0 

0 

• 

• 

• 

29 

0 

1 

• 

• 

0 

1 

1 

• 

• 

1 

0 

0 

9 

• 

• 
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P'aital 


('^)io  <n  \s~3_ _ ~~~~  . . .  1-44 _ 

Cha,.geOt0,,H  '  M) 

1°  °  °  in  XS-3  is  (<iJ0  ?Rer  W°  Kc*  C  0  «  <>)  Iron.  (()  1  1  I). 

'  XS-1  '  {  )'0~(4)lO  =  (-<i)ln 


Nun1' 


it»e.r 


systernS 


inbcr  rcprC 


9's 


A  5-3  j„  ,yj  J\0  Wi,0 

complement  of  decimal  complementing  code,  because  complement  of  XS-3  •>“ 
ceinial  number. 

1112  Gra*  Code  :  _  [Asked  .n 

section  19. ^rh  ^  g0lng  10  cxP!ain  you  with  reference  to  point  (5)  '  c  1"cas'l^‘1;|[  p0siimn  °|shJ*!'c 
We  also  court  '<IVC  cxp,aincd  you  about  problem  Involved  in  measuring  •>  ,lcd)  siate 

™Cto  n  1,  lhal  'VC  rc«™  •«  code  in  which  wc  don',  go, 

problem  is  gray  code.  Let's  sec  what  is  so  special  about  gray .  TERMS  ^  OS/F 

SlNCI^nrr^  NEW  CODE  DIFFERS  FROM  THE  PREVIOUS  W  2  or  „,0ic  bits 

chanp^l  .  .  '  1,1  sllort  at  a  lime  only  one  bit  changes.  We  saw  in  binary  s>  stc,n  first  see  that 

Tl.g  o  *  |3  t,,nC  3nd  il  crca,cs  Problem.  To  understand  advantage  of  change  in  on  > 

J  able  9  whir*h  _  .  . 


Decimal 

Binary 

Gray 

0 

0  0  0  0 

0  0  0  0 

1 

0  0  ()  1 

0  0  0  1 

2 

0  0  1  0 

0  0  1  1 

.1 

0  0  1  1 

.00  1  0 

4 

0  1  0  0 

0  110 

5 

0  10  1 

0  I  1  1 

6 

0  110 

0  10  1 

7 

0  111 

0  1  0  0 

X 

!■  0  0  0 

1  100 

9 

10  0  1 

110  1 

10 

1  0  1  0 

1111 

11 

10  11 

1110 

12 

1  10  0 

10  10 

13 

110  1 

10  11 

14 

1110 

10  0  1 

1  I5 

1111 

1  0  0  0 

Let's  take  4  and  5, 


(4) 


10 


gray  code  is 


(5) jo - >  gray  code  is  0  I 


C3 

0 

0 


1  1 


Table  9 

G,  G0. 

0 

1  1 


If  you  observe  G3  G2  G,  for  4  and  5  arc  same ,  only  Gu  changes. 
Same  way  for  7  and  8. 
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Ni 


G'  °2  G,  G0 


J3 

0 


G, 

0 

0 


Number  System 


0 

0 


-  you  will  nnd  that  while  switching  ovet  to  next  number 


G3G2G1G0* 


(7-><o-  *  Kray  code 

<8>io  »  gray  code  i  , 

°*  G”  °2  3rc  samc  °"ly  G,  changes 

ZgTTs  T*  Tca'  disk  D'sk  is  d,v,dcd  iM° 16  “s»'« 

10  "»  four  tracks.  The  pattern  is  d “p™ U6  0r,^,',SlU':Cn,  <°>  »"»  W  0)  areas  assigned 

ffy^d“p's“o%;  irss 

'  ,  wc  arc  Presently  a,  segment  L  Thc  pojra  A  ” 

_  shSgi;  GdoMGWGn  A(fpdint  rota,cs >°  « 

,  g  G2  Gi  Go  =  (6)I0  =  01  01  (gray).  As  we 

are  using  gray,  even  though  shaft  wobble  or  physical 
imperfection  is  there,  we  will  get  correct  code. 

Let  s  take  a  case  that  outer  track  perceived  first 
In,tiaI  condition  is  (5),0  =  0111  (G3  G2  G,  G^  and  as 

outer  track  perceived  first  we  will  get  next  code  as  01 1 1 
(G3  G2  G,  G0)  only  because,  outer  track  is  opaque  for 
(6) jo  and  G3  G2  G,  are  unchanged  ,  .\  the  code  remains 

same.  Same  way  if  next  track  perceived  first  we  will  get 
G3  G2  G,  G0  =  0101  =  (6),0  and  this  is  correct  code.  So 
if  we  observe,  when  G3  G2  G,  G0  code  changes  it  is 
delayed  slightly  by  imperfection,  but  this  imperfection 
will  not  give  us  unwanted  code. 

Gray  codes  are  also  most  widely  used  in  K-map. 


Fig.  1.16  :  A  rotary  optical  encoder 
disk  that  uses,  gray  code 


iV*r~  • 

L- 


\.\£.  - - - - — - 

To  represent  alphabet  letters.  Punctuation  mark  and  other  special  character  in  computer  system  - 

equire  codes.  These  codes  are  called  alphanumeric  codes’ 

Two  most  popular  alphanumeric  codes  normally  used  are : 

(i)  American  standard  code  for  Information ‘ 'nterc^e 

(ii)  Extended  Binary  Coded  Decimal  Interchange  Code  (EBCDIC). 

12  1  ASCII  Code  (Pronounced  as  -  key) : 

,mp0„  I, bracally  1  M  *“  t*’"** 

art  is  illustrated  in  Table  10. 
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Digital 


_  - - - - - 1-*7 _ _ _ Numtow  System 

for  'A*  ^  CO<*C  ,S  a*>rescn,c^  b'  b*  b*  bv  b4  b<  b,  b,  Take  one  example  if  we  want  10  find  ASCII 


b?  K  b> 

.1  0  0 


b4  b,  b, 


li  u  0  0  \ 

from  column  from  Row 

*  ’A* - *  ASCII  (1  0  0  0  0  0  1),  OR  t41),6  hex 

SanK  way  ASCII  for  LF  (fine  feed) 

*  b7  b6  b<  b.  b,  b,  b 


j 


1  *  °7  b6  b,  b4  b,  b;  b, 

t°  0  0r  ^  0  l  0, 

from  column  from  Row 

L  F - »  ASCII  (000  1  0  1  0):  OR  (OA),6  hex. 

^•^2.2  EBCDIC  (Pronounced  ebb  —  See—  dick) : 


This  character  code  was  developed  by  IBM.  which  stands  for  Extended  Binary  Coded  Decimal 
Interchange  Code.  EBCDIC  employs  all  8  bits  of  a  byte,  and  so  encoded  a  256  character  set.  which  is 
broadly  similar  to  ASCII.  Table  1 1  illustrates  8  bit  EBCDIC  code 


Extended  Binary  Coded  Decimal  Interchange  Code  (EBCDIC) 
_  Most  Significant  Digit  (Hex) 


j  1  0 

1 

2 

3 

4 

5  6  7(8 

9  |  A  1  B  ;  C  D  1  E  F 

I  0  I  NUL 

DLE 

DS 

■ 

SP 

&  1 

1  1  \ 

U  1  M  x  -  °4 

1  SOH 

DC1 

SOS 

I 

/  a 

j_l  . .  U  m _ l1 

1  2  1  STX 

DC  2 

FS 

SYN 

b 

ill  i  1 

k  s  I  B  K  S  .  2  1 

1  3 1 ETX 

DC3 

c 

1  t  C  l  T  3  1 

1  4  1  PF 

RES 

BYP 

PN 

d 

m  u  1  D  1  M  1  U  4  i 

1  sj  HT 

NL 

LF 

RS 

e 

n  v  1  E 1  N  1  V  5  1 

1  6  1  LC 

BS 

EOB 

UC 

f 

0  w  1  F  1  0  W  6  1 

J  7l  DEL 

IL 

PRE 

EOT 

JL. 

p  x  I  G I  P  X  ,  7  1 

1  8  1 

'  CAN 

h 

_a_  '•  U  Q  ,  Y  ;Tj 

9 

EM 

i 

t  z  1  R  1  Z  1  9  1 

j  A  SMM 

CC 

SM 

t 

'  _L  : 

1 

I  B  VT 

s  ,  # 

1  IX 

'  C  FF 

IFS 

DC4 

< 

. 

n  c  D 

IGS 

ENQ 

NAK 

( 

)  -  '  r - 1- 

U  Civ 

F  90 

IVJkl 

IRS 

ACK 

1 - — j 

+ 

>  = 

;  % 

-  -  4 

C  uv/ 

F  SI 

IUS 

BEL 

SUB 

_L 

-  ?  * 

itx.li 

Table  11 
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NULL 

- 

Null 

PE 

- 

Punch  off 

HT 

- 

Horizontal  tab 

LC 

- 

Lower  case 

DEL 

- 

Delete 

RES 

- 

Restore 

NL 

- 

New  line 

BS 

- 

Backspace 

IL 

- 

Idle 

BYP 

- 

Bypass 

LF 

- 

Line  feed 

EOB 

- 

End  of  block 

PRE 

- 

Prefix 

SM 

- 

Set  mode 

PN 

- 

Punch  on 

RS 

- 

Reader  stop 

UC 

- 

Upper  case 

EOT 

- 

End  of  transmission 

SP 

- 

Space. 

1.12.4  Hollerith  Code  : 


Number  System 


% 


Presently  for  storing  the  data  /  Information  we  use  floppy,  hard  disk  etc.,  for  permanent  storage.  But 
before  these  devices,  for  storing  the  data  Punch  Card  was  used. 


_  Cc!u:rns _ 

1  aBCDEFGHIJKLMNOPQRESTUVWXYZ  01234567B9  )  ( >  *  >  ■ '•  - 1  > ' : 

n  i  in  I 

IIIIIIIH  1  1 


■  ?  o  %  #  <  / 


IIIIIIIH 


I  I  I 


II  I 


•  ■■nolo  0  00  00  0  00  00  00  |0  000|0000|0000000l:i|000|000000000000 

ooooooooooooooooooo||llllll0°loo°°^^„„,1.t.1!!«M.r^-! >•  ,  2 

nlllMIII'll'H”1"  '  !  l!222!22222222222lZ22lZ222V222Z222222222222222  3 

222I22222222I22”222'22222”  333||I13333333333333333333333333333333333  1  « 

3333|33333333|3333333|33333  44s414144 4444444444444444444444444444«4»  I  5 

44444|44444444|4444444|444444  ^5ll5S65555||55SS555555S5SS5S55S55  j  , 


Rows 


^7  7777777|77777777|77777  77|77777  7  7777  7|7  77  7 
■  ’  sw^Djg^— - - ' 

Fig.  1.17  :  Punch  card 
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Table  13 


A 

- 

0 

• 

• 

0 

0 

0 

• 

P  0 

0 

• 

• 

0 

0 

• 

• 

B 

? 

0 

• 

0 

0 

• 

• 

• 

0  1 

0 

• 

• 

• 

0 

• 

• 

C 

• 

0 

0 

• 

• 

• 

0 

• 

R  4 

0 

0 

• 

0 

• 

0 

• 

D 

WHO  ARE  YOU 

0 

• 

0 

0 

• 

0 

• 

s 

0 

• 

0 

• 

0 

o 

• 

E 

3 

0 

• 

0 

0 

0 

0 

• 

T  5 

0 

0 

0 

0 

0 

• 

• 

F 

% 

0 

• 

0 

• 

• 

0 

• 

U  7 

0 

• 

• 

• 

0 

c 

• 

G 

is 

0 

0 

• 

0 

• 

• 

• 

V 

0 

0 

• 

• 

• 

• 

H 

L 

0 

0 

0 

• 

0 

• 

• 

W  2 

0 

• 

• 

0 

o 

• 

• 

1 

B 

0 

0 

• 

• 

0 

0 

• 

X  / 

0 

• 

0 

• 

• 

• 

•  ; 

J 

BELL 

0 

• 

• 

0 

• 

0 

• 

Y  6 

0 

• 

0 

• 

0 

• 

j 

• 

K 

( 

0 

• 

• 

• 

• 

0 

• 

z  ♦ 

0 

• 

0 

o 

0 

• 

i 

• 

L 

) 

0 

0 

• 

0 

0 

• 

• 

CARRIAGE  RETURN 

0 

0 

0 

0 

• 

0 

• 

M 

• 

0 

0 

0 

• 

• 

• 

• 

FIGURES 

0 

• 

• 

0 

• 

• 

• 

N 

» 

0 

0 

0 

• 

• 

0 

• 

LETTERS 

0 

• 

• 

• 

• 

• 

• 

0 

9 

0 

0 

0 

0 

• 

• 

• 

LINE  FEED 

0 

0 

• 

0 

0 

0 

•  ! 

SPACE  0  O  O  •  O  O  • 

O  START  POLARITY  (SPACING) 

•  STOP  POLARITY  (MARKING) 

Table  14  :  Laudot  code  table 
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doub-dig^and 


r  — -  --  -  _  -)_52  _ .  '  "  niveo  °u  i()  dig‘lsf 

Thus  we  have  n?,"5  ,W0  codc  gonc  for  FS  and  LS  Rc lua!'lo  repose  1<3 

SOnic  special  c  ha  nr  r  T1, X  2)  combiiiations.  which  arc  sufficient  nfpieincnts 

and  LS  (12  bh  SS)  °  T‘lb'C  14  sl'°"'s  lhc  Cm“' 


— ^rr°r  Detecting  and  Correcting  Code  : 

11  digital  system,  the  movement  of  binary  data  and  codes  fr0’ 

IIOM  _ _ n  .  n 


98 


is 


-  - —  VIIIWII1  \J  1  UllUUt  uu»M 

omnion  operation  performed.  Examples  are  as  follows 
( 1 )  Communication  between  Computers 

/'ts  p,  r 


x-/  v-v»um,uiucaiion  between  Computers.  .  /p.ece‘ver^'  *  . 

(2)  Storage  and  retrieval  of  data  from  floppy,  hard  disk  and  tape.  anothcr  device  t  ^  the  ideal 

We  normally  pass  data  Information  frem  one  device  (transmitter  ^  transm*1^  interfcrenCe 
ct  that  receiver  should  receive  identical  Information  that  "as  *ralis  _ ..  c\/il  or 


We 


j 

expect  that  receiver  should  receive  identical  Information  that  "as  lrans  orniaily  EMl  °r  1  0  or  v 

situation  doesn't  occur  because  of  electrical  noise,  in  the  environment,  cjiangc  bit  fr°nl  ^  ,jr0blern 
The  noise  is  unwanted  signal  which,  gets  mixed  up  with  the  data  an  j  18  shows  the 

1  The  change  in  single  bit  can  change  the  meaning  of  Information  /  dal 


0  to 


As  shown  in 


O 


.  1. 18,  at  transmuting  cna  aaia  is  icwuhm  —  —  *  rhanae  twe 

(wire)  certain  degree  of  noise  gets  superimposed.  The  amplitude  of  noise  is  large  cnoug 

binary  hits ,  or  the  data  bits  will  be  wrongly  interpreted  by  receiver  end.  . 

In  modem  digital  equipment  you  will  find  that  communication  is  relatively  error  free.  But  it  data  is 

corrupted  we  should  have  some  means  to  Detect  it.  Simplest  and  most  widely  used  scheme  for  error 
detection  is  parity. 


1.13.1  Parity  Bit: 


[ASKED  IN  EXAM  -  DEC.  98  IU  ] 


A  pari  I  v  bit  is  an  extra  hit  that  is  attached  to  a  codc  group  that  is  being  transferred  from  one  location 
10  another.  The  parity  bit  can  be  cither  0  or  1  depending  upon  number  of  l’s  contained  in  code  group.  We 
have  two  types  of  parity. 

(i)  Even. 

(ii)  Odd. 

Even  Parity  :  In  this  case  value  of  extra  parity  bit  is  chosen  so  that  group  0f  bits 

umber  of  I's  (Including  parity  bi.Ms  called  even  parity.  For  example  suppose  data  is  1  oatm  ?? 

of  ones  arc  odd.  Final  data  with  parity  will  givc  Us.  S  1  00  0  0  1  1  0.  In 


us  stream  no 
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Number  System 


J_<>  <>  o  o  1  I  0,  i  1 

\  Di 


Data 


^  r  Data  with  parity  (Total  even  number  of  I's) 
Parity  J 


But  if  data  is  1  0  0  0  0  1  0  0  i.c  already  it  has  even  number  of  I's.  then  we  have 


dp  0  0  o  l  o  o 


0 


Data 


T 

Parity 


r  Data  with  parity  (Total  even  number  of  I's) 


Odd  Parity  :  In  this  case  value  of  extra  parity  bit  is  chosen  so  that  group  of  bits  produces  odd  number 

/I _ a  ■  •  .... 


.  iii  mis  ease  vaiuc  oi  extra  parity  oit  is  cnosen  so  mat  groui 
1  s  (Including  parity  bit),  is  called  odd  parity.  We  will  hike  same  example 
1  0  0  0  011  0  - »  has  odd  number  I’s.  .\ 


Finally  we  have  tl  0  0  0  011  o,  o  } 

I  - T 

Data — - *  Parity 

For  I  0  0  0  0  1  ()  () 


Finally  .1  0  0  0  0  110,1 

*  - — -  mJ 


jTotal  odd  number  of  Vs. 

■>  even  number  of  I’s, 

Wotal  odd  number  of  I’s 


Data 


Parity 


Both  the  parity  scheme  arc  commonly  used,  there  is  no  am  strong  argument  m  lu\om  o(  cube  \ 
When  this  ntelhod  is  used,  transmitter  and  receiver  both  the  station  should  be  nmcil  to  -am.  P-un  >  - 
either  even  or  odd.  The  disadvantage  of  the  system  is  if  2  o,  more  number  o.  bus  arc  m  error,  the  s> stem 

fails.  - - 


Ex.  51  :  Attach  even  parity  bit  to  following  ASCII  codes 

10  0  0 


(1) 

’H’ 

1  0  0 

(2) 

•L’ 

1  0  0 

(3) 

•O' 

1  0  0 

(4) 

'A' 

1  0  0 

(5) 

'a' 

1  1  0 

1  10  0 
1111 
0  0  0  1 
0  0  0  1 


Soln. : 


ASCII 

Parity 

bit  Code 

•H’ 

0 

\  0  0 

1  0  0  o 

’L' 

1 

1  0  0 

110  0 

’O' 

1 

1  0  0 

1111 

'A' 

0 

1  0  0 

0  0  o  1 

'a' 

■1 

l  10 

0  0  0  Ij 

V» 

To  set  even  partly 

3.2  Double  Parity 

™  -  b*  '•  * 

»  we  have  added  p  .  follows : 

;  as  vertically.  The  example  .s  as  ^  .  _ 
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Data 

O 

0 0  1  0  0  1  0 

horizontally 

1 

000  1101 

calculated 

1 

111  0110 

parity  bit 

0 

101  Olio 

i  £ 

-  Oil  nil 

Vertical!) 


..catena*®***3 


—  ^ 

Parity  bits  added  (presently  it  is  set  for  even  parity). 

Here  Information  is  passed  in  blocks. 

1.13.3  Checksum  : 

This  method  is  most  widely  used  in  computer  system  ( 
to  generate  sum.  The  final  sum  generated  is  called  checksum. 

A,  - >  data  byte/  word 

+  A; 

+  A,  (Total  'n'  number  of  data  bytes  /  words) 


Checksum  means  s'K 


cesstv 


w  ords  a* 


added 


Checksum 

For  example  take  A,  and  A.  bytes 

A,  0  1  0  0  I  0  0  0 

+  A,  0  0  1  1  1  1  dd 

hecksuin  1  0  0  0  0  1  0  0  .  cn(j  on  the  receiver  side  after 

After  transmitting  block  of  data,  checksum  is  transmitt  '  *°  should  exactly  match  *tth 

living  the  data.  i.  w.ll  add  up  and  find  on,  checks.,™,  fins  ehccksu 

ecksum  transmitted  by  transmitter. 

Z  “  *•' — 

dity-  .  , _ fl  ^  ,n  i  u  )  I  0  shift  counter  and  5  1111  code 

The Tablcjyslw»^jbi^5^e£i!£!l“l£i^-|^^T^-^— — — — — I  j"jTTl  1 


Decimal 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


864  2  1 

0  0  0  0  0 
0  0  0  0  1 
0  0  0  1  0 
0  0  0  1  1 
0  0  1  0  0 
0  0  10  1 
0  1  0  0  0 
0  10  0  1 
1  0  0  0  0 
10  0  0  1 


6  3  2  1  0 

To  ii  o’- 

0  0  0  1  l 
0  0  1  0  l 
0  10  0  1 
0  10  10 
0  l  1  00 
10  0  0  1 
10  0  10 
10  10  0 
1  10  0  0 

Table  15 


Shift  Counter  1 

51111 

00000  T 

0  0  0  0  0 

0  0  0  0  1 

0  0  0  0  1 

0  0  0  1  l 

0  0  0  1  1 

0  0  111 

0  0  111 

0  1  1  l  1 

0  1111 

1 1 1 1 1 

1  0  0  0  0 

11110 

11000 

11100 

11100 

110  0  0 

11110 

10  0  0  0 

1 1  111 

Scanned  by  CamScanner 


NumDer  system 


1-55 


Number  Systems 


•  code,  allowing  reliable  errar  dotation  Tin,  c  h""  zcra  Thcn:  ,lrc  cxac,l>'  "v°-  >'» 

used  !  C'l,",,Cr :  This  «■*  is  also  called  as  l  i  “  "  f°r  Sl0,il'e  di8ili"  dala  "mU'a'c  d™n 

td  Saronic  counter.  d  *  Jol’"so"  C°d«  ™s  code  is  non  weighted  code.  Normally 

:  Tl,is  is  weighted  code  a 


Shif[  "t,e"'Ca  Md  SClf  cou'Piou'Onting,  The  code  is  approximately  similar  to 

'1-13.5  Code  with  More  than  5  Bits  or  Equal  to  5  Bits  : 


T^Ii 

eQiwl  to_5_bii^Lei's  first  see  the  Table  for  this  codes0  ^  bl~qU"Uiry’  2  01,1  of  5  arc  havinB  more  than  or 


Decimal 


Ring  Counter 
Code 

9876543210 

543210 

50  -  4  3  2  1  0 

4  out  of  5  code 

7  4  2  1  0 

o  o  0  0  0  0  0  0  o  1 

0  0  0  0  0  1 

01  -  0  0  0  0  1 

1  10  0  0 

0000000010 

0  0  0  0  1  0 

01  -0  0  0  1  0 

0  0  0  11 

o  o  o  0  0  0  0  1  0  o 

0  0  0  1  0  o 

01-0  0  1  oo 

0  0  10  1 

0  0  0  0  0  0  1  0  0  0 

0  0  1  0  0  () 

01  -o  1  0  0  0 

0  0  11  0 

o  0  0  0  0  10  0  0  0 

0  1  0  0  0  0 

01  -10  0  0  0 

0  10  0  1 

0  0  0  0  1  0  0  o  0  0 

1  0  0  o  0  1 

10-0  0  0  0  1 

0  10  10 

0  0  0  1  0  0  0  0  0  o 

1  0  0  0  1  0 

•  10-0  0  0  1  0 

0  1  10  o 

0  0  1  0  0  0  0  0  0  0 

10  0  10  0 

10-0  0  1  0  0 

1  0  0  0  1 

0  1  0  0  0  0  0  0  0  0 

10  10 0  0 

10-0  1  0  0  0 

10  0  1  0 

1  0  0  0  0  0  0  0  0  0 

1  10  0  0  0 

10  -  1  0  0  0  0 

10  10  0 

Tabic  16 

9876543210  Code  :  This  code  is  sometimes  called  ring  counter  code.  This  uses  only  single  1  in  each 
group.  This  makes  it  easy  to  decode  and  delect  error.  The  code  has  disadvantage  that  it  requires  more 
electronic  circuitiy  than  simple  4  and  5  bit  code. 

50  -  43210  :  It  is  called  bi-quinary  cede,  occasionally  used  in  electronic  counter  circuit.  Each  code 
contain  group  of  2  bits  and  group  of  5  bits.  The  group  of  2  bits  Indicates,  whether  the  number  is  more  or 
less  than  5.  The  group  of  5  denotes  count.  Reliable  error  detection  is  possible  because  a  single  1  in  group 
of  2  bits  and  in  5  bits. 

543210  :  Same  as  biquinaiy  code  except  6  bits  are  used. 

2  out  of  5  :  This  code  uses  5  bit  and  each  code  contain  two  Is. 


1.13.6  Error  Correcting  Codes  : 


1 


[ASKED  IN  EXAM  -  DEC.  96,  MAY  96,  97,  DEC.  97  \U  ] 


An  efficient  method  would  be  not  only  to  detect  the  code  but  also  to  correct  it.  The  most  popular  error 

correcting  code  is  the  Hamming  Code.  It  was  discovered  by  R.  W.  Hamming  in  1950. 

The  basic  of  hamming  code  is,  it  uses  Parity  bit,  set  for  even  parity  over  a  selected  bits.  The  parity 

bils  are  placed  at  bit  positions  which  are  powers  of  2  i.c.  2°.  21, 2:, ...  2".  The  7  bit  hamming  code  format 
is  given  as  follows : 


Scanned  by  CamScanner 


Jig/tal 


U 


Whf6  °  P<  D*  p  p 

^  I>  D.1U  h,l5  — *  Df  .  MSB  D  a  t^3  t>j3;!  41«^  **  rfCSCfl*  *tw 

Th(s  ,  ,  •  b,*S  ~  "*  p-  p:  p,  *  b.u  *  *-  k 

n  a  foul  nilIl%°  V',llcd  r  4’  dimming  code  N^rmaih  hamming  code  "  tc?r' 

r  "  °'  b,U  ,nd  k  -  T'^  nun*-.  ,f  dou 

*•  Number  of  Pints  bus 
»  o.ir  ease  n--|t,4fn,n_k_. 

{ond'twns  for  parity  bit  ;  p  *„d  D- 

*)  ,  bi(  .  rhis  bu  should  be  such  that  tt  csttbl :%hcs  oenpunn  <’':rP 

Pi - *  I  l  U  p 

(h>  P,  hit  .  This  bit  should  be  such  iKii  it  establishes  even  punts  rscr  P-  & 

*  2.  T,  f>,  7  p  S3 

(C)  P4  hit  :  This  bit  should  be  such  that  it  establishes  cs?n  f»nt>  eser  P4  D- 

6.  7  . 

Let  s  see  example  to  understand  the  thing  more  clcarh  S  a  for  P0*1"* 

forgiven  data  bits  I  o  I  I  B,  B.  B  B  .  B  =  MSB  B  =  LSB 

"*  bit  hamming  format - ►  D.  D  D,  Pi  P - 


B  B:  B,  P,  B  P:  P 

^  ^  ^  ~  ^  z 

,  p  .  p.  p 


10  1  P4  \ 

Now  Our  job  is  to  find  out  pint'  bits  P  P.  and  P4. 


For  P-  bit 


P,  D 

Ds 

d 

-  1 

1 

i 

For  P  b;i 

P*  D 

D. 

D. 

1 

0 

i 

For  P4  bit 

P4  D- 

D, 

d7 

I 

0 

1 

As  D,  =  D ,  =  D-  =  I  forms  odd  parity  P  *1.  to  nuke  rt  oen 


As  D.,  D...  D,  already  gives  us  even  panry .  we  set  P;  =  0 


I  ()  l  .As  Ds.  Dn.  Dy  already  forms  even  panty  we  set  P4  =-  vT 
Finally  uy  fune  7  bit  hanunine  code 

I  d7  d6  d~  p~~  d~  pT  pT" 

Alls.  :  I  10  1  0 _ 1  0  1 

We  saw  how  to  generate  hamnung  code.  Now  we  will  sec  how  hamming  code  delects  error  Let’ 
example  for  the  same  '  so*vc 

LeCs  say  on  receiver  end  w  e  received  data  bus  101 101 1  Which  is  hamming  code  Fmd  . 
and  correct  it.  1X1  error 

Hamming  Code  Formal  D,  D,  D,  P4  D,  P„  p, 

1  0  I  1  o  1  1 

(I)  1,  3.  5,  7  should  have  even  parity 
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Ily  based  on  optical  technique  l-ct'i  refer  Fig  I  IV  10  understand 


I  f|lt  h.irvj  P  ,t  ?  t  tfvj  t 


Lc*t  hand 

Right  harvj 

<1*g»i 

cod* 

code 

0 

000  H01 

1110010 

1 

oonooi 

1 1001 10 

2 

0010011 

1101100 

3 

0111101 

1000010 

4 

0100011 

0011100 

5 

onoooi 

OOOMIO 

6 

0101111 

1010000 

7 

0111011 

1000100 

H 

0110111 

1001000 
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0 


0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

l 

1 

I 

1 


I  0 

1  0 
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■1-15.2  Binary  to  BCD  : 


r^»ll2bloj9is  as  follows- 

wcimal 

B, 

Binary 

B2  B, 

B„ 

8 

4 

2 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

•> 

7 

0 

1 

1 

1 

8 

1 

0 

0 

0 

9 

1 

0 

0 

1 

10 

1 

0 

1 

0 

0 

0 

0 

1 

1  1 

1 

0 

1 

1 

0 

0 

0 

1 

12 

1 

1 

0 

0 

0 

0 

0 

1 

13 

1 

1 

0 

1 

0 

0 

0 

1 

14 

1 

1 

1 

0 

0 

0 

0 

1 

15 

1 

1 

1 

1 

0 

0 

0 

1 

BCD 


0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 
1 


0 

0 

1 

1 

0 

0 

1 


1 

0 

0 

0 

0 

1 

1 

0 

0 


0 

1 

0 

1 

0 

l 

0 

1 

0 

1 


0 

1 

0 

1 

0 

1 


Table  19 


1.15.3  BCD  to  Binary  : 
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5SS-3)  : 


Decimal 

BCD 

xs  -  j 

0 

0  0  0  0 

00  M 

1 

0  0  0  1 

0  1  0  <» 

2 

0  0  1  o 

0  1  0  1 

3 

0  0  1  1 

0110 

4 

0  1  0  0 

0  111 

5 

0  10  1 

1  0  o  0 

6 

Olio 

10  0  1 

7 

0  111 

1  0  1  0 

8 

1  0  0  o 

10  11 

9 

|  o  0  1 

i  i  <211 

Tabic  21 


"D  code 


o  BCD  : 


» to  XS-3  table  The  sam  ‘  M  !rnl 


Decimal 

r 

B  <  » 

0 

j  0  1  1 

U  0  n  0 

1 

0  I  0  o 

(1  o  o  1 

2 

0  1  0  1 

0  0  1  o 

3 

Olio 

00  1  1 

4 

0  1  II 

0  1  o  0 

5 

]  0  0  0 

0  1  o  1 

(y 

100  1 

Olio 

7 

10  10 

dill 

8 

loll 

I  0  0  0 

9 

1  100 

100  1 

Table  22 


arc  as  follows : 
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L_ 


Digital _ _ _ _ 

The  EX-OR  ftmctian  is  shown  by  symbol  'tfv 

,c  v  -  A  ©  B 


t-«i 


Nuinbai  Uy*Um 


Y 

i  i  |  1 

Output  1“  bit  i  2ml  bit 
EX-OR 


Inputs 

Output 

Y 

A 

B 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

l 

0 

Tabic  23 


First  wc  will  see  EX-OR  method  to  convert  given  binary  number  to  equivalent  gray 

(a)  By  EX-ORing  Method  : 


ay  v/rving  ivicinou  : 

Consider  decimal  6  The  equivalent  binary  is  (0110),. 

(6),0  =  (0110)2, 


Binary 

(Take  MSB  first) 
(Result)  Gray 


B, 

MSB 
(K 

1 

0 

Gj 
(MSB) 


B, 


B, 


‘®A  ©' 


©' 


-1. 

G, 


.0 

Gt 


LSB 

^0 


-l 

Go 
(LSB) 


(M2»D)  ' 

As  shown  above  firs,  you  take  MSB.  so  you  ge,  'O'  a,  MSB  position  of  gray  -  C i  Now  sv.m  tout 
MSB  of  binaty  and  take  next  immediate  bit  i.e.  1.  ,  (MSB)  »  (next  mtmedtate  b,t)  0  ® 

Table  23>  =  G’-  , .  „  ,  m  .  „  o  =  G,  and  finally  1  ffi  0  =  1  ->  (LSB)  -  0„. 

Same  way  you  take  on  next  btts,  t.e.  1  ®  «  ^ 

...  (OHO)  binaty  is  equal  to  (0101)  gray. 

»  you  should  know  'rules’  of  binaty  addilion.  At t»  ~ 

one  table,  you  take  it  as  granted. 


Inputs 

A0 

Bo  _ 

0 

0 

0 

1 

1 

0 

1 

1 

Tab 
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1 

(KM)  1 

!  000 1 

2 

ooio 

00 1 1 

3 

001 1 

0010 

4 

— 

0100 

0110 

'  5 

0101 

0111 

6 

0110 

0101 

7 

0111 

0100 

8 

1000 

1100 

9 

1001 

1101 

10 

1010 

mi 

11 

1011 

1110 

12 

1 100 

1010 

13 

1101 

1011 

14 

1110 

1001 

15 

mi 

1000 
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Piatt aj _  1-63  Number  by»t®m 

542  t  -  gray  code  same  way  you  have  7421  -  gray.  5211  -  gray.  XS  A  gray  etc  The  method  for  conversion 
*s  same  what  we  have  studied  just  now  i.c  liX  OR  /  addition  method.  Following  is  Table  which  will 


- -  -  i  i.v.  i  -  v/ 1 

show  2421  converted  to  equivalent  2421  -  gray  code 

i — 1 - 


2  4  2  1 


0  0  0  I) 


2  4  2  1  -j;ri*y 

0  0  o  o 


0  0  0 


0  0  0  1 


0  0  I  0 


0  0  11 
0  0  I  0 


0  I  0  0 


0  110 


10  11 


1110 


1  1  0  0 


10  10 


110  1 


10  11 


1110 


10  0  1 


1111 


1  0  0  0 


7‘U 


Table  26 


1.15.7  Gray  to  Binary  : 


A  gray  number  can  be  converted  to  binary  step  by  step  as  follows^ 


Step  I  :  MSB  bit  is  kept  as  it  is. 

Step  1 1  '  This  bit  is  EX-ORed  (added)  with  next  bil  from  gray  code 

Step  III  :  The  resulting  bit  in  step  II  is  EX-ORed  with  next  bit  from  gray  code 

Step  IV  :  Step  Ill  is  repeated  till  you  reach  LSB 

„  r  n  r  R  B  and  G  G,G,  G(,  Lei's  say  given  gray  code  is  Ci-  G:  G^  C 

We  will  talk  m  terms  of  B,  B2  B,  d0  ana  u,  2  1  " 

(Refer  Table  for  EX  OR  Table  21). 

(a)  B ,  (binary  MSB)  =  G,  (MSB  as  il  is) 

(b)  B,  bi.  should  be  EX-ORed  with  ncxi  of  gray,  means  B,  «  0,  r*  «: 

B:  h-  ■  im  II  is  B  is  EX-ORed  with  next  bil  from  gray  i.c .  Gr  i  c  B,  ffi  G 

(C)  Resulting  bit  in  step  11  is  B2.  is  tA  wrv 

resulting  bit  is  B,.  B2  ©  G,  =  B,. 

(a)  Step  III  Continued 

N„„  „  —*  ; 

MSB  n 


Gray  Code 


li,  '  m 

I  s  4  / 

1  r®  ,® 


Binary  Coclc 


*{ 

(MSB) 


(LSB) 


Let's  take  one  ex* 


rt  t\\o\  orav  to  equivalent  binary . 
sample  to  understand  (he  same  convert  0  gray  * 
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.Digital 

- - • - - - - - - - 1-65 _ 

Now  we  arc  going  to  solve  some  examples. 

["Solved  Examples 

:  PeTfonrvfoHlowing  Conversions  : 

^^623  77)8  to  binary  and  hex. 

0|)  (AF19)16  to  Binary  and  octal. 

(mj^1101011l.H0)2  to  octal  and  hex. 

(IyHAB  DOF)16  to  octal  and  decimal. 

Soln. : 

(i)  (623  .  77)8  =  (110  010  Oil.  111111), 

000  1  1  0  0  1  0  0  1  1  1  1  1  1  1  1  0  0 

1  9  3  F 

(623  .  77)  =  (193  .  FC)16. 

(ii)  (A  F  1  9)16  - »  hex  -» 

II  II  II  II  1  he> 

(1  0  1  0  1  1  1  1  0  0  0  1  1  0  0  1)2  - >  Binary  J 

0  0  1  0  1  0  1  1  1  1  00  0  1  1  0  0  1 

II  U  II  II  U  U 

1  2  7  4  3  1 

(iii)  (1  1  0  1  0  1  1  1  .  1  1  0)2  =  (?)8  =  (?)16 

(011  0  1^  1  1  1  •  1  1  0  )2 
II  II  II  U 

(3  2  7.  6)g 

1101  0111  •  111°  > 

7  .  E  - > 


Number  System 


binary 


Binary 


hex  to  binary  conversion. 


binary^ 

1  binary  to  octal 
Octal  conversion 


1  1  0  )i 

II 

6)8 


(327  .  6)g 


binarv 


D  7  .  — 

(1  1010111.11  0)2  =  (327 . 6)8  -  (D7  .  E)16 


Hex  -t  hex  to  binary 


binarv 


(iv)  g  c  o  F),6  - >  Hex  -i  hex  to  binai 

(,0  10  mi  1  1  0  0  0000  nil)  — *  binatyj 

0  10  oil  ■  1  1 0  OjjL  ill  IU  bireay 

—2 - T  3  .  6  o  1  7  —  oc^l 

=  (25  3.  6017), 

Decimal Nu"*61  . _ ,.-i  is-HFx  16'’ 


Axl6«+Bxlfi'  +  CxHir'+0xW-l  +  Fxl6- 

10  x  16  +  1 1  x  1  +  12  x  ^  +  °  +  16a 


(171  . 07536)10. 
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1-66 


f  \ 


IsjurnbtSl- 


stefTL 


Soln.  : 

(i) 


'“""Wing  conversions 

!^’9  89>-o  to  binary 
<>  (204  12501, 0  t„  „„ 

f®’  1625  625), o  to  octal  ‘ 

Oy-  (110010,1.  oni0)2  to  decimal 
^  (574>8  t0  binary  and  decimal. 


Integer  919. 


2 

2 

2 

2 

2 

2 

2 

2 

2 


919 


Quotient  Remainder 


459 


229 


114 


57 


28 


14 


.(LSB) 


(MSB) 


For  fractional  part 


Decimal  fraction 

base 

Answer 

Recorded  bit 

0.89 

X 

2 

1.78 

1 

— >  (MSB) 

0  78 

X 

2 

1.56 

1 

0  56 

X 

2 

1.12 

1 

0  12 

X 

2 

0.24 

0 

1 

r 

0.24 

X 

2 

0.48 

0 

- ♦  (LSB) 

(919.  89)|0  =  (111001011) 
(ii)  Integer 


1110), 


16 


16 


204 


Quotient]  Remainder 


12 

~r 


Fractional  part. 

Decimal  fraction 


()  125 

•  ntu  125),  =(CC.2),, 
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(Decimal) 

12 

-►12 

base 


(hex) 

C 

C 


16 


Answer 


2.000 


— >  (LSB) 

-►  (LSB) 

Recorded  bit 
(Decimal) 

-ft?*] 


1 

<  >- 


Original  Number 
- >  (LSB) 


->  (MSB) 


0.625  x  8  =5 

•;  (625 . 625)10  =  (1161  .  5)8 

0v)  (1 10010!  1 . 01110)2  to  decimal. 

1  ^  27  +  1  x  26  +  o  x  2s  +  0  x  24  +  1  x  23  +  0 

+  1  x2-3+  l  x2-4  +  0x2-5 
=  (202 . 4375)10 

.  (v)  (574)g 

-  5x82  +  7x8'+4x8°  =  5x  64  +  56  +  4  =  (380)10 

•••  (574)8  =  (380)10 

(5  7  4)g  >  Octal 

4.  4'  4 

10  1  111  100  »  binary 

(574)g  =  (10111 1100)2 


x  22  +  1  x  21  +  1  x  2° 


Octal  to  binary 


Ex.  54  :  Perform  following  conversions  : 
Ji)  (18)10  to  XS-3.* 


Sofn. : 


(  1 
+  3 


8).o 

+  3 


4 

Jj 

0  100 

(1 8),0  =  (0100  101 1  )Xs— 3 

(ii)^i010)2  to  Gray  Code. 

Soln. : 


li 

U 

10  11 


decimal 
Add  3 
XS-3 


->  XS-3  (binary) 


.mi  rt\  —1111  rrrav 

Scanned  by  CamScanner 


Number  System 


+  0  x  2 '  ’  +  l  x  T 


101 1  01 1 1  1010 

(847)|0*(IOII  0111  1010)^, 

(c)  (847)|0  to  gray. 

For  this  first  convert  decimal  to  binary  and  then  binary  to  gray 
2  !  847 


2  I  423  1  ->  (LSB) 


Scanned  by  CamScanner 


Decimal 

33  2  1 

332 1  ;  4432 

4  4  3  2  1 

i  0 

0000 

o  o  o  n  j 

0  0  0  0 

o  o  o  o 

i 

0  0  0  1 

0  0  0  1  j 

0  0  1  1 

0  0  1  1 

2 

0  0  1  0 

0  0  1  0 

0  10  1 

10  0  1 

3 

0  0  1  1 

0  10  0 

nolo 

0  0  1  0 

4 

0  10  1 

10  0  1 

0  100 

1  0  0  0 

5 

10  10 

0  110 

10  11 

0  111 

6 

1  loo 

10  11 

110  1 

110  1 

7 

II  0  1 

110  1 

1  0  1  0 

Olio 

X 

1110 

1110 

1  10  0 

1  1  0  0 

9 

1111 

1 1 1 1 

_ I  111! 

1111 

Scanned  by  CamScanner 


!) 


P«£!tai 

Ex‘  57  :  Express  decimal 

Soln.  : 


number  0  -  9  in  following  BCP  code*  O' 


7421  1“'  ®4i1 


D«vimal 

'421 

0 

0  0  0  0 

l 

0  0  0  1 

> 

0  0  1  0 

0  0  t  1 

4 

0  1  0  0 

5 

0  10  1 

b 

0  110 

7 

l  0  0  l' 

8 

tool 

1 

10  10  1 

8  4  2  » 

0  0  0  0 
0  o  0  1 
0  0  l  0 
0  0  I  l 
0  l  0  0 

0  I  0  1 
Oil" 
oil' 
t  0  o  0 
l  0  0  l 


Ex.  58  :  Encode  following  four  bit  binary  words  into  a  seven  ^ 

(i)  1001 

(li)  1010 

Soln.  :  Hamming  code  7  bit  data  format  is  gr\en  u> 

D7  D,  Ds  P4  D;  P:  p, 

(i)  Given  D7  P4  D,  P:  Pt 

1  0  0  P4  l  P;  Pi 

Selection  should  be  such  that  we  get  even  pantv  lor 

(a)  P4  D,  Dt,  D7 

_  0  0  1  =>  P4  “  1 

(b)  P>  D,  D„  D7 

1  0  1  =>  P2  =  o 

(c)  P,  D3  D5  D7 

I  0  1  =>  P 1  “ 0 

•  The  7  bit  even  parity  Hamming  Code  is 

'70011  00 

D7  D6  Ds  p4  D,  P;  pi 

(ii)  Given  D7  D6  D,  p4  D,  P:  p, 

1  0  1  P4  0  P2  P, 

Selection  should  be  such  that  we  get  c\cn  pant}  for 

(a)  P4  D,  D6  D7 

1  0  1  =>  P4"0 

(b)  P2  *  D*  p  .  . 

0  0  1  =>  P2  ~ 1 

(c)  P,  DS  ^  „ 

_  0  1  1  =>  PI  " 0 


•  7  bit  hamming  code  is_ 

••  d7  d,  d,  p«  D>  p>  p; 


1  n  1 


0  0  I  0 


Scanned  by  CamScanner 


So'n. :  Oiv^"  D™"n9DCM'  iS  '°ce™d  "5  1111101.  What  I,  correct  data  ? 

1  6  5  r  4  IJj  P2  P, 

»  CoX  dX  "  even  panty. 

1  Nocmtro  For  eve,  panty  P4  mus,  be  I,  as  D,  =  D.  °D,"1  rcrutu  ,a  odd 

(b)  P2  Dj  D6  d7  number  of  IV 

error  I  For  even  parity  P2  must  be  1  as  D3  =  D,  =  D7  «  1 ,  rcsults  in  odd 

(C)  P,  D3  Ds  D7  number  of  l's. 

1  1  1  1  No  error  0  For  even  parity  P,  must  be  1  as  D,  =  D,  =  D7  =  1 ,  results  in  odd 

numbers  of  l's. 

Resulting  binary  word  is 

(0 1 0)2  —  (2),0  2nd  bit  is  in  error. 

Correct  Code  is  1111  111. 


Ex.  60  .  A  seven  bit  even  parity  hamming  code  is  received  as  1110101.  What  is  the  correct 
code  ? 

Soln.  :  Given  D7  D6  D5  P4  D3  P2  P, 

1  110  10  1 
Bits  P4  D5  D6  D7 

0  111  error  1  For  even  parity  P4  must  be  1  as  D5  =  D6  =  D7  =  1,  results  in  odd 

parity. 

Bits  P2  D3  D6  D7 

0  111  error  1  For  even  parity  P2  must  be  1  as  D3  =  D6  =  =  1 ,  results  in  odd 

parity. 

Bits  P,  D3  D5  D7 

1111  No  error  0  P,  =  1,  as  D3  =  D5  =  D7  =  1  forms  odd  parity. 

Resulting  binary  error  word  is  (1 10)2  6th  bit  is  in  error.  correct  code  is  1010101. 


•X.  61  :  Encode  data  bits  1100  into  seven  bits  even  parity  hamming  code, 
loin. :  The  hamming  code  is, 

7 


D,  D6 


Di 


D5 

•  1  1  0  p4  0 

(a)  P4  set  for  even  parity  for  bits  4,  5,  6,  7. 

P.  D< 


0 


(b)  1 2 


p  set  for  even  parity  for  bits  2,  3,  6,  7. 


0 


1 

D5 

1 


Pi 

p. 


d7 

1 

D7 

1 


data  bits  introduced 


=*P4  =  0 


=*  P2  =  0 


Scanned  by  CamScanner 


N<J 


rpt>*' 


S* 


*l«»*£* 


!'n  CVcn  lvmi\  fo,  hu>  |  3  j  j 


1-72 


D, 

o 


0. 

0 


p, 

I 


G»  F 


-  I 


Fifvil  code  used  is. 

D.  P  P4  p 4  p4  p.  P,  -  1  1  0  0  0  o  l 

E*  62  :  the  va'ue  of  base  x  if 

«•)  i2l1»t  *,152>S  <■)  (193),  =  (623', 

ooln.  :  ji)  (2 II )x  -  ji52). 

Tins  can  be  u  nllcn  as 

-  x ;  \:  >1  X  \  +1  x  -  I  x  S:  ♦  5  X  8  +  2  x  * 
2\:  \  ♦  1  =  M  ♦  40  ♦  2 

2x:  +  x  +  \  =  loo 

2v  ♦  \  -  105  =  o 


\ou  soli  c  the  cnu-iiion - — 


-  b  t  N  b-  4>k 


Where  a  =  2 

b  =  1 

A  as.  \  =  " 

(u)  ( !V3 ),  = 

;  (62  3  V, 

1  x  v  ■* 

-  *>  x  \ 

\:  ♦ 

♦  ? 

. .  \:  >  <)\ 

-  4(lji 

Sol\  ing  (his 

we  get 

6  x  8"  >  2  x  X1  +  *x8 


40' 


(oi)  (22*>v  =  041), 


2  x  v  + 

2  x  v 

+  s  x  \  =  3  x  X'  +  4  x 

2\;  2\ 

22^ 

2v  *  2\ 

-  200 

*  0 

\:  +■  \  - 

100 

=  0 

S'  +  lx  8 


Solve  tlus  using  equation  given 

.  fx  =  io 


(|H) 


(225), 


-  (34P* 


Ex.  63  :  Represent  8620  decimal  number  in  (a)  BCD  8421  (b)  XS-3  (c)  2421  code 


SoJn.  :  <a)  BCD  842 1 

8  6  2  O' 

I  0  0  0  0  11  0  0  0  1  0  0  0  0  0 
(b)  XS-3 

8  6  2  0  - > 

4-3  3  3  3  - ♦  Add  3 

119  5  3 

iii  i 

101 1  1000  0101  0011  - ► 

(c)  2421  Code. 

8  6  2  0 

j|  10  IKK)  0010  00(H) 


- » decimal 

- >  8421  BCD 

decimal 


XS-3 

— >  Decimal 
- >  2421  Code 


Scanned  by  CamScanner 


» 


»  •..i-rmrr"  Tul/cv  m£  ima  n  oecrniu.  tui®6c^ 

n  in  sc 

*«-:■{!  "  -C  - 

=  r-^,-  t  -:■  >  *( 

= 


X*£~V 


s»t>- 


vr^- 


_\»V 


"  -’.  ..  -  4 1 . 


It* 


it:  :. 


=  F 

*  41  -  2  *  3 


,\lay 

Ota. «,  3b.  *•  r .  * 


$  ;iI  V  '« :iW*"  U»  - 

fi  Lx%Mr3x*Hk 
iii  &oMif<g  vt/tit 

«ga  s  ii  iflsfcr  Senior.  3  J2  J 
Ui  tefer  feeftW  :  ;:  6 

*  iteurw**  c**  tkruitnal  manat*  !«r  * 

;t  ruM.titO  v®  3Wlu3W’. 

_  r  _3  , 

.  «  .-w^av  ?j  *2®~ -OxT -  1  *2  ■* -Ox  2 .■"  .+  1x2 

s?  J  X  ,J'  ~  j  f  ~  '*  1 

,  025 ««25 


-t.e  Ii*Bp»  it:  tnEEn  numbers  :iT>tc.  ’  Marts' 


32  J 


7  v*;  C 


lift,  h 1 2  c  «  .‘~;2X}iL 


Scanned  by  CamScanner 


,.  ■  .  ■  -  .  ■ 

1  .  •  ■■•.-, 


P»prt«l 


1-75 


<»*)  (1010. 1 100), 


Introduction  to  Digital  System  &  Number  Systwnt 


"  1  X  23  +  0  x  2J  +  |  X  21  +  0  x  2°  +  I  x  2  1  +  t  x  2  2  +  0  x  2  '  +  11x2  4 
“  «  + 0  +  2+0  +  0.5  +  0.25  +0  +  0 
=  10.75 


(1010.1  lOO)^  3  (10  75) 


10 


Convert  following  base  H  numbers  to  base  2  numbers  : 
(i)  764  (ii)  46 
An*.  :  (i)  (764)„ 

7  °  1  1  I 


...Ans. 
(Dee.  00,  2  Marks) 


In  binary  6=1  i  o 


4=10  0 


3  bit  binary  representation 


(764  )x  =  (1111 10100)2 


(ii)  (46)„ 


...Ans. 


In  binnrv 


4  =  10  0 
6=110 


3  bit  binary  representation 


(46 )8  =  (1001 10)2 


6.  Convert  from  BCD  to  Ilex  the  following  numbers  : 

(i)  402  (ii)  Hi 

Ann.:  (i)  First  convert  the  given  decimal  number  to  BCD 

(402), 0  „  (0  I  0  0  0  0  0  0  0  0  1  0)„U) 


...Ans. 
(Dec.  *)(»,  4  Marks) 


i 

4 


i 

0 


i 

a 


Now  convert  (402), 0  lo  Binary  equivalent. 


2 

402 

Quotient 

2 

201 

2 

100 

2 

50 

2 

25 

2 

12 

2 

6 

2 

3 

2 

1 

r 

Original  number 


Remainder 


0  ■ 
1 
0 
0 
1 

0 

0 

1 

1 


-►  LSB 


-*MSB 


(402), o  =  (t  100  100  1  0)j 


Scanned  by  CamScanner 


convert  the  binary 


1-76 


Introduction. 


number  to  Hex  making  group  of  4  bits  fr° 

0  0  0  1  .  1  0  0 


to  le^ 


I  0  0  1 


1  9 

(4°2),0  =  (1  1  0  0  1  0  0  1  0)2  =  (192)Hex 
(402>io  =  (0100  0000  00  1  0)bcd 

_  =  (J92)Hex 


1  0)2 


(0)  First  Convert  given  decimal  number  to  BCD 

(83),0  =  (1  00  0  0  0  1  1)BCD 

Jr 

8  3 

Now  convert  (83)10  to  binary  equivalent. 


2 

83 

Quotient 

2 

41 

2 

20 

2 

10 

2 

5 

2 

2 

2 

1 

Remainder 


1 

1 

0 

0 

1 

0 

1 


Original  number 
_ *■  ISB 


-►MSB 


(8.3  ),0  =  (10  10  0  1  1  )2 

% 

Now  convert  the  binary  number  to  Hex.  making  group  of  4bits  from  right  to  left. 

0  10  1  0  0  11 


(83) 


10 


5  3 

(  1  0  10  0  1  1  )2  =  (53)h 


(83)l0  =  (  1  0  0  0  0  0  1  1)BCD  =  (1  0  1  0  0  1  1)2 
=  («)h 


...Ans. 


7.  Write  short  note  on  :  Gray  code  and  its  applications.  (Dec.  96,  May  97, 6  Marks) 

4ns.  :  Refer  Section  1.11.2  and  1 .  1 5.6  |dcpicts  2  steps  of  convening  binary'  to  gray) 

(Dec.  96,  Dec.  97, 6  Marks) 


t.  Write  short  note  on  :  Error  correcting  codes, 
ms.:  Refer  Section  1. 13.6 
Determine 


ini-  equivalent  deeimal  numbers  for  the  following  binary  numbers  :(May  97  2 
(i)  1001. 1010  (ii)  1110.1011  '  *  ’ 


Marks) 


Scanned  by  CamScanner 


•fiia'tai 


1-77 


Intiofludlon  to  niyilnl  Ry*U»m  K  I  iumbtir  f>yv«)fr**» 
->  1  0  0  | 


Ails.;  (i)  (1001.  U)io>1 

Write  binary  number 

Weights  of  binary  number  ->  2’  22  ?}  2°  -  2'  2 

1  x  2s  0  X  22  +  0  x  2'  f  I  x  2°  -M  x  2  1  +  0  x  2  2  M  x  2  1  f  0  x  2  4 
K  1-  0  +  ()  i  |  •»  0,5  •+’()•  t  (),125  i  o 
-  9.625 


10  10 


1  y  A 


(1001.1010), 


(ii)  (11 10,101 1) 


=  lx  2'1  I-  1  x  2J  +  1  x  21  +  0  x  2°  +  1  x  2  1  +  0  x  2  2  -i  1  /  2  1  M  /  2 
=  8  +  4  +  2  +  0  ♦-  0.5  +  0  +  0.125  +  0.0625 
=  14.6875 


(11  10.101 1)2  =  (14.6875) 


10 


10.  Convert  the  following  base  8  numbers  to  base  2  numbers : 

(i)  76  (ii)  457 
Ans.:  (i)  (76)8 

7  1  1  \  3  bit  binary  representation. 


!n  binary  6  =  ,  t  ()| 


(76)8  =  (1  1  1  1  1  0)2 


(ii)  (457)8 


4=100 
In  binary  5=101 
7=111 


►  3  bit  binary  representation 
|~(457)g  =  0  0  0  1  0  1  1  1  02 


•  •  I  '  _ v 

11.  Convert  from  BCD  to  Hex  the  following  numbers : 
(i)  958  (»)  77 

Ans.  •  (i)  First  convert  the  given  decimal  number  to  BCD 
(958)10  =  (  1  00  1  0  1  0  1  10  0  0)bcd 

9  5  » 


Now  convert  (958)i0 10  binary  equivalent. 


Scanned  by  CamScanner 


...Ans. 


...Ans. 
(May  97,  2  Marks) 


...Ans. 


...Ans. 
(May  97, 2  Marks) 


958 

Quotlont 


OrlOtn-l  nu""'u' 


M  0  I  I  |  |  |  Oij 

1  to  hex  making  group  of  I  bus  from  right  to  left 

! _ L  loii  iiio 

ft  ft 

1  1  °  1  1  1  1  '  (l>2  CHI'), lev 

00,1  . . .  . . . 

’L'liv* 


Scanned  by  CamScanner 


_ 

.  “  -  IntiiHlm  tmi\  Id  hujll.il  iiysN'in  fl  (lumber  J>y*li.rns 

■  ">  <»rn«n  hi*  uumtvi  to  lies  u«k„«  of,  bit,  (torn  rlRht  to  ten 


*.5 


I  0  0  1101 

4  l) 

(  7>»«'  (10  0  1  10  hj  (4D),,cy 

v  --1*’  '  1  1  1  0,1  I  V„  (I  (Ml  1  1  o  1),  (4I))Ile 


...  Amt. 


*  -  FxpUm  the  difference  between  emir  detecting  code  and  emir  correct  inK  code. 

.  D  -  (May  97, 6  Marks) 

Anv  :  Refer  Section  1  u 

determine  equi>  alent  decimal  num bet's  for  the  follow  inj»  binary  numbers: (Dec.  ‘>7,  2  Marks) 
(•>  >100.1101  (ii)  nio.0101 
Ans.:  (M  hH'  \  I o l  >> 

Gnen  binary  number  is 

=  11(H).  1 101 

=  1  x  2  '  +  I  x  2:  +  0  x  21  +  o  x  2°  +  l  x  2  1  +  1  x  2  2  -M)  x  2  '  (  I  x  2  4 
=  8  +  4  +  0  +  0  +  0.5  +  0  25  +  0  (  ()  0625 
=  12  8125 


(1 1(H)  1 101).  »  (12.8125) 


10 


...Ans. 


(u)  (II 10  0101). 

Giv  en  birun  number  is 

=  1110.0101 

=  1  x  23  +  I  x  22  +  1  x  21  +  0  x  2°  +  0  x  2  1  +  1  x  2  2  +  0  x  2  3  +  1  x  2 
=  8  +  4  +  2+  0  +  0  +  0.25  +  0  +  0.0625 
=  14  3125 


(11 10.0101)2  =  (14.3125)10| 


14.  Conv  ert  follow  ing  octal  number  to  binary  numbers  : 

(I)  17 5  (ii)  36 

Ans.  :  (i)  (175)8 

1=001 

[n  binary  7  =  1  1  I  3  bit  binary  representation 


...Ans. 

(Dec.  97, 2  Marks 


5  =  1  0  1 J 

Equivalent  binary  number  is, 
(ii)  (36  )g 


(175)3  =  (001111101)2 


...At 


In  binan 


3  =  011 

6=110 


1  3  bit  binary  representation 


Scanned  by  CamScanner 


489 


0 


244  1 

122  0 

61  9 

30  1 

15  3 

7  1 

3  « 

1  « 

i  ^  > 


Scanned  by  CamScanner 


58 

[Quotum 


•ntroducfon  to  0!fl^  ( 


O^iQ'nat  runr  o*r 


(58), 0  *  (1110  1  0)2 

Now invert  binary  to  Hev  mot 

Hex  mak,ng  group  of  4  b,u  from  ngM  to  left 


0  0  |  | 


l  o  1 


•  A 

(58)io  =  <1  1  1  0  1  0)2  =  (3A)Hcx 

0)  1  m.Jr*T‘ZuTn f0r  ,he  f°"<mi"s  h,nir>  nun,h*r'  "*>  »  M.rto 

Ans. :  (i)  (1101  toil )2 

=  1  x  2’  +  I  x  2J  +  0  x  2'  +l  x  2°  *  1  x  2  '  »  0  ,  ;  =  .  |  «  2  ’  •  1  ■  2  * 


8  +  4  +  0  +  1  +  0  5  +  0.125  +  0  0625 
=  13.6875 


(1  101. 101  1)2  =  (13.6875)10| 
(ii)  (0110. 1110)2 


...  \nv 


=  0  x  23  +  1  x  22  +  1  x  21  +  0  x  2°  +  1  x  2  1  +  1  x  2  2  M  x  2  '  ~  O  x  ;  * 

=  0  +  4  +  2+  0  +  0.5  +  0.25  +  0  125  ♦  0 
=  6.875 


(0110.1110)2  =  (6.875)I0 

1 7.  Convert  the  following  numbers  to  binary  numbers : 
(«)  (12J)4\  (ii)  (2J0)4 

4ns.:  (i)(I23)4 

1=01 

inaiy  equivalent  of  2  -  1  0|  2  bit  binary  representation 

(123)4  =  (OllOUhl 


..Ani. 


(Ma>  OS,  2  >Uri5 


Scanned  by  CamScanner 


Binary  equivalent  of 


*•  I  VJ  I 

3  =  1  1  f  2  bit  binary  representation 

0  =  ooj 


- - -  » 

.  V  c,„ivalcn.  of 

Jr*  Certain  number  system  has  base  7.  What  is  the  hexadecun*  ^  bUs?  (JVU>  ssed  m 

A  and  maximum  number  that  is  expressed  using  the  base  7  an  gul  they  arC  C 
Ans.:  A  number  system  having  base  7  represents  numbers  from  0.  1. 

single  bit.  '  d,n4bits  s  (ol)00)7 

So  the  minimum  number  in  system  which  has  base  7  and  is  expresse 
Hexadecimal  equivalent  of  minimum  number  having  base  7  is 

i — - 1 


,  (0000)7  =  (0000) 16 
Similarly  Maximum  4  bit  number  using  base  7  is 


(6666)7 


For  hexadecimal  equivalent  first  convert  given  number  into  decimal  numb 
To  find  hexadecimal  equivalent  of  (6666)7  convert  it  into  decimal  num 

(6666)7  =  6x  73  +6x  72  +6x  71+6x  7° 

=  2058  +  294  +  42  +  6 
=  2400 

(6666)7  =  (24OO)10 

inn  HapiitiqI  tn  hpY  nnmhf'r 

» 

_  ^  Original  number 


16 

2400 

Quotient 

16 

150 

16 

9 

1 

Remainder 


0 

6 


-►  LSB 

t 


...Ans. 


(2400)  10  =  (960),6 

Hexadecimal  equivalent  of  maximum  number :  (6666)7  =  (960)  16 


...Ans. 


19.  Determine  equivalent  decimal  numbers  for  the  following  binary  numbers:  (Dec.  98, 2Marks) 
(i)  1001.0111  (ii)  1010.1011 
Ans.:  (i)  (1001.0111)2 

Equivalent  decimal  number  is 

=  1  x  23  +  0  x  22  +  0  x  21  +  1  x  2°  +  0  x  2_1  +  1  x  2  2  +  1  x  2~3  +  l  *  2~4 

=  8  +  0  +  0  +1+0  +  0.25  +  0.125  +  0.0625 
=  9.4375 


Jf  IQOl.OllOa  =  (9.4375), Q 
Scanned  by  CamScanner 
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-ML 


Introduction  to  Digital  System  &  Number  System; 


^iyitui 

(ll>  dOlH.Jot  | )j 
’’’  ‘  decimal  number  In 

I  x  2 1  ♦  0  x  22  f  I  X  2'  »  0  X  2°  +  I  x  2-'  +  0  x  2  2  +  1  x  2'3  +  1  x  2~4 
"  H  ,f  0  ♦  2  f()  +  0.5  4  0  ♦  0. 125  +  0.0625 
_  «  10,6873 

1  h  ~OM«75v|  ...An,. 

2°*  VVhat  In  (lie  necessity  of  a  parity  code  ?  (Dec.  98, 3  Marks) 

:  Refer  Section  1,13  and  1 ,  n,  I , 

21,  Deter  mine  equivalent  hexadecimal  numbers  for  the  following  decimal  numbers  : 

(I)  2338  (II)  0.122  (June  99, 2  Marks) 

An*.  :  (i)  Refer  Section  1,6,1, 1  lx.  21, 

(ii)  Refer  Section  1,6,1,  Ex,  24,  / 

22.  Determine  equivalent  decimal  numbers  for  the  following  octal  numbers :  (June  99, 2  Marks) 
(i)  732  (II)  0.123 

Ana.:  (i)  (732)„ 

»  7  x  H2  (■  3  x  H1  +  2  x  8° 

-  (474), 0 

(732)«  -  (474)10 


(ii)  0.123 

Ana.:  Refer  Section  1.5,2,  Ex.  19. 

23.  Perform  the  following  conversions : 

(28)J0  to  8421  BCD,  XS  -  3  and  gray  code. 

Ana.:  (28) ,0 

(a)  BCD  8421 

2  8  — >  decimal 

i  i _ 

0  0  1  0  1  0  0  0  ->  8421  BCD] 


(b)  XS  -  3 


+ 


2 

3 


8 

3 


decimal  number 
Add  3 


5 

i 


11 

4 


0  10  1  10  11  ->  XS-3 


(C)  (28),  o  10  m 

For  this  first  convert  decimal  to  binary  and  then  binary  to  gray. 


...Ans. 


(June  99, 3  Marks) 


..  .Ans* 


...  Ans. 


1 


**»wf 
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0_^  nooiM)^ 

1  -  hit  binary  word  into  a  wvfti  hit  c'cn  J> 


5  7.  Ex  5K  on  Page  I  7<> 

ing  BCD  number  to  hexadecimal  number  : 

BCD 

*(100  1  0  111  0  0  0  l>,Kj) 

III 

9  7  I 

binary  equivalent 


Scanned  by  CamScanner 


I 


^  4 


«.  wi)  .  .  .  ,  ,  " - - - Introduction  to  Dig 

Now  com  crt  binary  ,o  h~  °  °  1  0  1  »2 

-2-Li  !  I  t>  o  |  ,j  .  .  x  t'uiking  group  Qf  4  ^ 

^  y  ■  otts  from  nght  to  left 

U.wi)|0  «  7nr;rr^r----  — _ 

26-  Perfonn  Iheroik.Ijl?  — -^SSS-IJ1  1  1  '00  10  1  |> 

4  'O  8421  BCD  «TT  =  ~ - 

Ans-  :(,9)|0  *  5  3  and  Rray  code. 

(a)  BCD  8421 

I  9 

^  *  Decimal 

4' 

0  0  0  1  1  0  0  i 

U  0  1  - >  S42 1  BCD 


(b)  XS  -  3 


— - — - ~  ■  — — *  ft 

_<|9>I0  =  (0001  mo,)'" 


1 

3 

4 

i 


9 

3 

12 

l 


->  dee  t  null 
-»  Add  3 


0  10  0  1  ,  0  0  ->  XS  -  3 


'  •  V  ■  I  V/ 

(19)|0  =  (0100  1 100)  XS  -  3] 


^B)llox]  ...Ans. 


(Dec.  99, 3  Marks) 


...A 


(c)  Gray  code 


For  this  first  convert  decimal  to  binary  and  tlien  binary  to  gray 


2 

19 

Quotient 

2 

9 

2 

4 

2 

2 

2 

1 

1 

t 


—  .  ►  Original  number 

Remainder 

1  - ►  LSB 

it 

1 

0 

0 

—  — - ►  MSB 


(19), 0  =  (10011), 


)inary  : 
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ir  BCD  number  to  its  equivalent 


hc*,idecin 


CD 

=  (0110  1001  0111  )bcI) 
s  binary  equivalent. 


Binary  Arithmetic 


Syllabus  : 


to  «<l  number  binary  orxler.  Vs  and  2  s  Complement  codes,  Binary  Arithmetic 


Y 

f  Name  of  the  Topic 

Section 

number 

Theory 

Problem* 

1  •  Binary  addition  /  subtraction 

2.2-2  3 

✓ 

1  •  Negative  number  representation  in 

binary  system 

2  4 

— 

•  Binary  subtraction  using  1's  and  2‘s 
complement  method 
— ■ - — - ... 

'  "  "  ■  ■  . ■  i  ■  .  -< 

2,5 

- 

— 

LZ 

•  Binary  division  /  multiplication 
_ _ _ __ 

2  6-27 

2  8 

\~  Z 

•  Arithmetic  in  actual  number  system 

| 

- 

t± 

t 

•  Arithmetic  in  hexadecimal  number  system  | 

2.9 

I  z 

•  BCD  arithmetic 

2.10 

'  - 

'! - 7 

•  XS-3  arithmetic 

2.11  -2.12 

li 

Ll 

Comments 

•  Binary  anthmet  c  is  base  for  the  computers. 

•  AlMhe  concepts  will  be  used  in  chaptef  •  5  for  designing 
comb; national  logic  circuits. 
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-1 - IniEaaucBoeLL- -  - —  ^ and  hex. 

In  cliaplcr  I,  we  studied  about  vano“^I“‘^“«*iiwhfc^  provides  tubu»a“»>- 

main  aim  a.  chat  .in*  was  »  bevelop  -jJJS  non.n.Uy  we  .«  with 
arithmetic  and  logical  function*.  0 

multiplication  and  division.  - - — 


2.2  Binary  Additjgnj, 

The  rules  for  binary  addition 


.Lilt 


'Tt./* 


^  .hows  addiuon  of  single  b,.  of  two 


given  i 

A„ 

lumbers. 

B„ 

Sum 

_Can2_ 

0 

+ 

0 

=  0 

0 

0 

+ 

1 

=  1 

0 

I 

0 

=  1 

0 

1 

+ 

1 

=  0 

1 

Tab,e  21 

As  you  arc  aware  A0/B0  represents  2"  position  of  binary 


A0  =  Br)  =  0 
A0  =  0.  B0  =  1 
A0=  l,Bf;  =  0 
A0  =  1,  B0  =1 


Ao  Bo 
0  x  2°  +  0  x  2°  =  « 

0  x  2°  +  1  x  2°  =  1 
1  x  2°  +  0  x  2°  =  1 
1  x  2°  +  1  x  2°  =  1  +  1  =  (2)io 
<2)|„  =  <10),  •••<  1 


Cam' 


in  binary 

0  )2 

t 

Sum 


Let's  perform  some  example  to  understand  addition  operation. 

Ex.  1  :  Add  (2)10  and  (3)10 
Soln. :  (2)jq  =  (0010)2,  (3)I0  =  (001 1)2. 

(MSB)  (LSB) 

(2)]0  =>  0  0  10 

0  1  1 

m  i 

0  1  0  I 

(S3)  (S2)  (S|)  (Sp) 

+  B0  =  0  +  1  =  I,  cany  =  0  (Refer Table  2.1),  S„  =  t. 

epll:  A,  +B,  =  1  +  1  =0,cany  =  1 

cany  is  carried  to  next  bitsUAj,  B2  position.  The  answer  *0’  we  got  should  be 
with  carry  generated  from  previous  slage. — - —  ■  — — ■ — ■ - 


fl)|0 

Zam  bits 


=> 

=> 


0 


0 

0 


=>  A2  A| 


Bi  Bi  B( 
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Ip—'- 


-  •Kjasscsa—— 


2-3 


I; 


s**p  III : 


'tip  IV 


0  1-LoJ  .0  .  s,  -0 

A2*ftj-0*0  -  o.  ca/r>  QT] 

Me*  *»mW  .houid  be  jAfcd  .Uh  earn  tc«,«d  fmn,  u^c 

*i  -  0  ♦  LlJ  -  I.  .  s3  -  i 

*,ruJ*>  A,  ♦  B,  -  0  ♦  0  •  0,  cam  f  o 

Th*'  mm cf  m  *Ucd  *»,th  ptmom  tjm 

s'"o*0"0  S-o 
An*i*r,  *  (2»10  ♦  (1>I#  -  «))0 

fWJS*  ♦  ( ' * 1 1 1  -  (0|Q | ^ 


B  r*f2  Arfhth**tC 


*<*•  ( 1 ) 


I 


A»  t  «m  f.f»!  to  undMfrtaA#  VMig  diarCjf  vrn  "  *  *  v:  **>r*n  into  account] 

*rrl  «vwn  though  t  rt  C T  No*n*a  y  *  C*">  g*".*'*,*d  %  0  on#  should  not 

corvid  AAfr  VALUE  ADDED  TO  ZERO,  IS  VALUE  fTSLLf 

*»-W  m  /«ry  f«m*  y'vj  p»r*r>/m  *  ^r-  »•'**  2  1 


0  |  >  V  a3  Aj  am 

It  *  B,  *tj  It,  lt0 

If--?) 

i*j 

I  0  0  0  «»  %  s,  s,  sh 

(l|  Here  addin*  A,  and  M,  with  cam  it  important  tfept 
A,*B,  •0*|«l.  cam  V 
But  (Answer)  ♦  (C  am)  •!♦[[]  *i'ri  sum  -0 
and  cam  *  I  I  irulh  Sj  *  0  aikJ  cam  *  I 
(2)  Same  **  .it  A.  and  Bj 

A3  ♦  B;  ♦  cam  -  I  ♦  0  ♦  I 

I  +  f)  •  |  with  cam  V  % oo  can  nc^ket  ihu  at  it  ts  zero 
c  — I 

Buf  l  *  I  •  0  nithetm  I 

f  t 

Answer  Cam 

Finalh  $2  •  0  and  cam  I 

,«»„  ♦  ;'*>»  (fiioiv*  -  (IW)j| 
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Em.  2  :  Add  (5»10  »od(3)1(> 

Soln.  : 

>  0 


( .un 


0 


o 


Carry  []]  L'J 

i  _ 

1  » 

(1/00),  +  (0100),  -  (10000). 


Ex.  4  :  Add  two  binary  numbers  (1 1000)3  and  (10101)3 

Soln. : 


I 


Cam  —  > 


0 

i 


I 


l 

o 


0 

1 


0 

o 


0 

1 


I  0  1 

(1/000).  *  (10101),  (10/  101), 


Ex.  5  :  Add  (10110)2  ♦  (011/)2 
Soln.  :  (10/  JO).  -  (22),„,  (0/11),=*  (7)10 
(22),n  ->  i  Oil 

+  + 

(7)|t)  oil 

carry  -> 


0 

1 


-> 


A, 

H, 


A,  A,  A„ 


B>  B.  B0 


J 


I  1 

Aim.  (IIU)1)3~(2V)io 

Here,  A,  f  B,  »  I  +  I  «  o  with  c.im  I 
A,  +  B.  +  Cam*  =  I  +  I  +  | 

i _ i 


o 


0  +  I  3  1  =  s, 


i 


(Hi ill  canv  ’I’) 
Sum  -  I  ~  S„  corn  =  1 


Ex.  6  :  Add  two  binary  numbers  : 

(1  1  01  1  0  1)2  and  (0  1  0  1  .  1  0  0). 

Soln. :  This  part  contains,  fractional  part  also.  The  basic  is  going  to  remain  same. 

1  1  0  1  •  I  0  I  =s  (13.625) 

•f 

r-,  JL  1  0  1  •  1  0  o  => 

an?  ->  s  s  m  q 


10 


(5.5) 


11 


(19.125) 


dj  t  0 

Final 


10 


0 


1 


1 


0  0 


answer 


carry 


s4  s,  s2  s,  s( 


.  . 


■ 


HhShijk; 
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1*31*1 


•  Total  answer  is  ( I  0  o  1  l  0  0 


2-5 


Binai 


•h  *  (W  1 2 5 )t , 


Err,  A trr c 


.Subtraction  : 


ThejuJe^for  bman  »ib tractor  is  mm  t^u  ,  ,  . 

A,,  g  * - - - - — Table  shows  two,  angle  bit  boars  i#wia  ue 

1  - - —  .*  _ Difference  B*x 


t 


0 

0 

I 

1 


A 

B 

tT 


o 

i 

o 

i 


0 

1 

l 

0 


0 

l 

0 

0 


-  B 


‘Borrow )  Dcfl  .met 


Table  2.2 

As  shown  in  Table  2  2  we  haxe  V  Bc  bit  The  outputs  are  Difference  and  *orr.>w  Borrow  * 
now  from  next  bit  and  normalh  borrow  is  subtrxtcd  from  next  bit  tas  >ou  do  in  dcciraal) 

(a)  Aq  0.  B fJ  -  0.  . .  Aq  -  B0  =  0  -  0  =  t'  Therefore  difference  =  0,  borrow  =  o 

^  Ao  B0  -  1.  A,-,  —  Bq  *0—1  =  1  Therefore  diffcretvre  l  and  borrow  =  1 

Just  as  in  decimal  number  we  borrow  10  if  number  being  subtracted  i^  greater  than  ite  other 
number,  as  the  base  is  10.  Here  we  borrow  2.  as  base  of  biturx  rs  2  Therefore  a  -  B  =  0  -  1 

we  borrow  2  w  hich  generates  borrow  bit  =  l  and  2  -  l  gnes  an>wet  1  aid  therefore  deference  t- 
also  1 

(c)  Aq  - 1.  B0  =  0,  A,)  -  B  =  1  -  o  =  1.  Therefore  ddTeretve  =  1.  borrow  *  0 

(d)  A0  =  1.  B„  *  I,  .*.  A^  -  B0  =  1  -  1  *  0.  Therefore  difference  =  0.  borrow  *  0 

Let's  soh  e  some  examples  based  on  same. 


Ex.  7:  Perform  {3)10-(2)1C> 

Soln. : 

0  ),0  =>0011 

(2),0  =>0  0  10 

Borrow  — >  fo~  fp]  [o^  fo] 

i  _ _ 

Final  Borrow  0  0  0  1 

(1)  D0  =  Ao-B0  =1-0=1.  borrow  =0 

(2)  D,  *  A,  -  B,  -  0  =  1  -  1  =  0.  borrow  =  0 

(3)  D;  =  A2-B:-0  =0-0  =  0,  borrow  *  0 

(4)  D3-A3-B3-O  =0-0  =  0.  borrow*  0 

0)io-(*ho=W\o 
Aim.:  *(000 1  >2 


Ax  A:  A  V, 

B;  B;  Bj 


Dj  D; 
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*'/l  It 


I  M  '4 


IrOriOW 


Strp  I 
Nlrp  II 

Nti*l>  III 

'»ti*|i  IV  ; 
itrji  V  : 


I 

I 

0 


i'/  ’ 

Am*.  ;  (  (f  h  if  t  iff. 

i 

I'UmI  born,  * 


boMo»'.f  «f  I'll,,  Ur, If,  /Oil  fj,. 

11',//  oft '//*<<)%  borro//  (j  //i,| 

be  *b*'|fl*'J 

if  you  VJbbact  0 

from  any 

number  tf 

MM) 

l,S  li 

0  1  1 

U 

V 

A, 

A, 

A, 

Ao 

0  1  1) 

r-»j 

1 

> 

h2 

B| 

0 

Ho 

|rr|  0  If  If 

1 

l>, 

o2 

D, 

V 

1 

Ul n, ft  borrow 

:  Marl  from  l,SH  hi  I 

:  A,,  II, (  0  I  I  with  borrow  I 

'■  f>„  I 

:  I ),  A,  II,  (borrow)  -  i _ <J  I 

I  I  li  (a*  I  0  I  with  borrow  if) 

l>,  0 

A  ,  II ,  I  I  *  (I,  willi  borrow  'O' 

A.  II,  0  0-0,  with  borrow 'OV 


i  i 


1 


Uiif&ty  f 


"i 


i 

boro/w 


If 

U 


I 

I 

(if ! 


I 

If 

f 

If 

I 


/It  /*  .  t't . 
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Rin;<rv  Arithmutir 


.Binary  Arithmetic 


A, 


(10>.o 

borrow 


0 


B  Eil  @ 


Br  B,  B, 


D,  D,  D, 


D, 


final  borrow 

(n)  Ao  ~  B0  =  I  ~  0  =  I  with  borrow  0. 

(b)  A,  -  B,  -  (borrow  from  previous  bit)  =  o  _  \  _  q 

1  with  borrow  1 

fet  a  _  R  r  =1-0=1,  with  borrow  1. 

tv;  a,  o,  -  (borrow  from  previous  bit) 

=  ^-1 

0 

=  0-1  =  1  with  borrow  1. 

(cl)  A,  -  -  (borrow  from  previous  bit) 

=  JjJ,-! 

-  O-l-l  with  borrow  T. 

„  *s  bo™w  =  js  negative  and  it  is  not  in  tme  form.  Tme  form  means  actually  it  should  show 

(0001),  =  (1)|0  or  to  be  specific  (-I)10. 


/ 

if 


Ex.  11:  Perform  (1011  .  010)2  -  (0110  .  101)2. 

Soln.  :  This  problem  deals  with  fractional  part. 

10  11 


0 


1 


0 


(11.25) 


10 


0 


1 


borrow - >  {o] 


1  0 
a 


l  o  1 


(6.625) 


to 


final  borrow  0  10  0 


0 


(4625), 0 


Ex.  12  :  Perform  (10101 100)2  - (001 11000)2. 

Soln. : 

1 


o 


0 


1  1 


0  0 


0  0 


borrow - >  [o] 

i 

final  borrow 

An*. :  (0  1  1  I  0  I  0  0)2. 


-1 


o 


-1 


-1 


1  1 


l  l 


0 


0 


0  0 


0  o 
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2.4  Negative  Number  Representation  in  Binary  System  : 


Binary  Arithmetic 


in. : 


Until  now  we  have  worked  on  binary  numbers  that  were  unsigned  Normally  unsigned  numbers  are 
treated  as  Positive  number  But  as  you  are  aware,  most  numencal  computation  involves  botL  positive  and 
negative  numbers  Therefore  we  should  have  method  for  representing  sign  (+/-)  of  the  number  For 
representing  signed  magnitude  numbers  we  have  following  methods 

(a)  Sign  magnitude  code  (Notation)  OR  SM  representation 

(b)  One's  complement  method  ( l's  complement  method) 

(c;  Two's  complement  method  f2‘s  complement  method) 

2.4.1  Signed  Magnitude  Code  (SM  Representation)  : 


In  decimal,  sign  is  normally  indicated  by  *  or  0  at  the  left  of  the  number  like  1  414,0,  3  5141(). 

This  notation  is  called  signed  magnitude  notatioa  because  magnitude  follows  the  sign  The  generalized 
format  is  shown  as  follow  s  : 

Number  B  =  ^  Bn  _  ^  jBn  2  Bn  „  3 _ B2  B,  B0j 

sign  bit  magnitude  |  B  |  bits 

Let’s  say  for  8  bit  the  format  is 

I  {B6  Bi  B4  B3  B2 _ B^ _ B0  ^ 

sign  bit  'S'  Magnitude  |  B  | 

Normally,  S  bit  =  0  — >  denotes  positive  number 
S  bit  =  1  — >  denotes  negative  number. 

Let's  say  represent  (+120;, D  using  SM  representation 
120  ^Magnitude;  =  B6 . B0  *  (1  1  1  10  0  0)2 


Number  is  positive 

S  bit  =  0 

b7  =  0 

B,  B, 

B« 

B4 

B, 

b2 

B, 

B0 

ii  ,1 

1 

1 

_ 1j 

0 

0 

0 

sign  ’S’ 

magnitude 

To  change  from  (+  124;, 0  to  (-124;, 0,  simply  change  B7  from  0  to  1  This  process  is  called 


'negation  .’ 
(-124)  i0 


sign  ’S' 


B6  b5  b4  b3  b2  B, 

{ 1  1  1  1  0  0 

Magnitude 


If  we  want  from  (-I24)I0  to  +  124,  again  ’negate’  B7  from  1  to  0  So  you  get  original  number.  The  (a) 
represents  (-I24)l0  in  sign  magnitude  but  the  same  binary  format  is  unsigned  number  system  is  (148)10. 

(II  II  IOOO)2sm-H24)io 

where  2SM  means,  2  is  base,  SM  signed  magnitude 
(1  I  1  1  1  000>2  *  (unsigned  number). 
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- «v...kU>  iiumtierof  n*  bits , 

'  c  number  (2^ ' 1  -  n 

i'c  number  =>  -  (2n  1  _  j) 

t  numbers  represented  will  be. 

"e  number  =  ♦  (2"  1  - 

'  c  number  =  _,*»«- 1  , . 

V  *  —  I  )  * 

tows  the  full  range  for  4  bits 


Otnaiy  Airtbnwt 


,v*' **■*'»  '  w»  tivit  it*.-  r,ihu>  > ,  „ . 

t  "  *,v,v «•  ««<"«  'Vf  •“>'  ',  J 

**  u  *  ■  "Tv*;" "’  *w  *•“*"*  "«<*«. 

v  v  U  (  r^^,\  o*n  i  „'0h\ 

i  '  '  ««*,„, 1kK.  ), 

1  •  -'  I  I.M 


QW 

\i 

O 

1 


Kv'»M 

I 

0 

0 

I 

~  I 


*  I  Mt 

♦ 


*  M\»t 


Quo 

rQ 

n 

n 

\ 

\ 


Horn 

I 

0 

l 

1 

1 

1 

♦»  1 


*  >  Ml 

♦ 


*  Visit 


Mu 

Quo 

UK 

"4 

\  ^ 

IK 

*> 

4 


L 


i.'%,mHooik  O.'ttu-iumohj  o*'\0  qooioioook 
l'N  complement  of  (2*1, 0  -  (OOtlOK  >  <  25) 

**  complement  of  (12<),0  -  ((HXHX)  l  OK  >  (  \2S)UX 

I's  complement  of  v- VH’*>,0  -  tOllOIoniK  >  (  2%)t', 

H  rvpu'sent  (tv  numbers  in  12  bn  standard  then* 

<"*»'  Unused  bits  .re  Mwsemed  as  0 

0-*ho  (0  0  0  0  0  111  1  1  0  l>j  i  since  am  number  preceded b\  0 

(0001  0010  I  0  0  0>2  does  not  afTecl  its  magnitude 

>\  1%  complement  of  (25)|0  *  (1111  1  110  0  1  1  ok  =>  (-25)10 

I's  complement  of  (125), 0  -  (l  II  l  looo  oo  1  o>2  =*  (-i2Mh, 

^complement  of  (2%), 0  *  (1110  110  1  0  1  l  1>2  =>  (-2^') 


L _ 


Rent 

0 

0 

0 

\ 

0 

1 

0 

(I 


t 


'M- 


Note 


I's  complement  of  (2%)l0 

To  get  the  original  number,  we  take  Vs  complement  again  This  is  obvious  as  comp'.e renting 
number  twice  is  the  onoinal  number  itself 


- 

[_  _  _ number  twice  is  the  original  number  itself 

Ex.  15  :  Find  Vs  complement  of  (-1000)1D 


1 
» 

2 

1 

S* 

2 

*» 

* 

2 

2 

2 

2 


(1000),*=  (111  110100), 

In  12  bit  wc  get 
(1«00),0*(W)111I10UMW); 


MSB 
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Binary  Aritbro<t>c 


D<g<tal 


(+  1000)10  =  (00  1  1  1  1  10  1  0  00), 
l's  complement  *  (1  10  0  «»»'  0III|'=M'  '  ’! 

2  4  3  2‘s  Complement  Notation  (2C  Notation)  . 

.  ^  _n  i  pt\  sav  if  we  add  6  to  0  i  c  (0),0  +  (6)io  =  ^6>to 

In  IC  code  we  have  +0  and  -0.  Let  s  sa\  u  wi  ou 

If  we  take  all  0  form  of  zero  we  get  answer 
(0  0  0  0)2  +  (0  1  1  0)2  =  (011  0)2  =>  (6)|0 

But  if  wc  take  all  1  form  of  zero  we  get 

(I  1  1  1)2  +  (0  1  1  0)2  =  (0  1  0  1)2  =*  (- ),o  unnecessary  increase  hardware 

Five  !  here  'one'  must  be  added  to  correct  the  answer.  Thi  wc  gcl  using  2  s  complement 

Therefore  we  require  one  code  which  provides  us  unique 
notation  (2C  code) 

2's  complement  of  a  number  =  l's  complement  of  number  +  1 
For  example,  take  (+b)I0  -  (0110^ 

l's  complement  of  (6), 0  =  ('OODj 

2's  complement  of  <6),„  *  l's  complement  of  (6)l0  + 

=  10  0  1 


(10  1  0)2  =>  (-O)io  ,n  2C  codc 


Let’s  take  ’()’.  Represent  ’O’  in  2C  form 
(()),„  =  (0  0()0)2. 

l's  complement  of  (0)j0  =  (1  1  I  D2 

2’s  complement  of  (0)IO  =>  l's  complement  of  (0),0  => 


11'' 


Cam  *0  0  0  0  0 


!  0  0  0  0 
ignore  final  cany 

.  (+ ,))  =  (0000 )2  and  2's  complement  of  (0),0  =  (0000)2 

(+  ())|0  and  (-O)jo  values  are  same. 

2's  complement  has  unique  zero, 
this  codc  is  most  widely  used 

Range  of  representing  number  in  2’s  complement  method  : 
in  2's  complement  method  binary  number  of  W  bits  represent 
maximum  positive  numbers  =>  +  (2”  '  -  » 
maximum  negative  numbers  =»  -  0*  > 

tor  4  btl  binary  nun**r  „-i  .  +  (2* -  *  -  i)*  +  (»  - 1)»  (+?),„ 

maximum  positive  number  ■=  +  (2  ,  ’ 

„,,,,m„m  nceative  number  -  >2  )  -  (- H),0 
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(0  (-37)10,  (II)  (-51)10,  (iii)  (-130), 0 


(37)|0  =  (IO()  10  l)2  (51),o  =  (1  1001  1)2  (noi,0*(iooo  IMHO), 

g  bil  reprcscnlalion  of  llirec  numbers 

(37)k,  =  (0  0  1  0  0  1  0  1  >2  (J1)10 -«>«■»  0011);  (U0)„,  =  (1  0  0  0  0  0  10); 

(a)  2's  complement  of  C17)10  =  I's  complement  cf  (17),,.  +  I 

_  ||()1  1010  ->  l's  complement  of  (37)l0 

+  • _ J_  * 

110  1  10  11  -M-V7),0 
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•  •  -'s  complement  of  (I7)|(t 
tb)  Same  w jiv , 

* s  complement  of 
+  I 


2-14 

(*  ^7)|»  -  (I  101  101  1)2 


Binary.  Arithmetic 


10  0  1  1  0 


0 

J- 


I  10  0 


1  1  0  1 


2’s  complement  of  (5 1)10 

"  31  (I  100  1  I  0  1)2  in  2's  complement  notation. 

(O  I’s  complement  of  (-130), 0  is  (01 1 1  1 1 0 1  >2 

though  magnitude  fits,  tlie  representation  is  illegal.  This  is  because 
representable  in  8  bit  i.e.  (-128),,,. 

8  bits  are  not  sufficient  to  represent  -130. 

(+  !3<)),0  =  (0  0  l)  0  1  0  ()  0  ()  o  l  ())2 
1  's  complement  of  ( 1 30) ,  0  =*  111 

+  1  + 


(-51)io 


(-130)10  in  I  s  complement.  As  seen  here  e 

the  smallest  negative  number 


we  have  to  use  12  bits. 
10  111  l 


1  0  1 


1  1  1 


0  111 


2's  complement  of  (13()),0 
(-1 -30)  ,0  in  2's  complement  =  (i  111  0  111  111  0)2. 


1110 


(-BO)10 


Properties  of  Two’s  Complement  : 

Twos  complement  numbers  have  several  properties  that  make  them  particularly  attractive  lor  use  in 
digital  circuit. 

(1)  The  first  and  importnat  property  is  2C  code  has  a  unique  representation  of  zero.  (Rclcr  1  able  2.5). 

So  plus  and  minus  zero  have  the  same  2C  code.  This  makes  it  easier  to  detect  a  zero  result  and 
avoid  some  arithmetic  problem. 

(2)  In  SM  notation  we  saw  tiiat  negative  numbers  have  sign  bit  1.  while  non-negative  numbers  have 
sign  bit  0.  Thus  the  sign  of  a  2C  number  is  always  given  by  its  leftmost  bit.  with  same  standard 
convention  i.e.  0  =  positive  and  1  =  negative  .  This  conclusion  can  be  done  by  observing  Table 
2.5  and  secondly  from  the  fact  that  first  step  i.e.  one's  complement  changes  the  sign  of  the 
number.  In  next  step  i.e.  addition  of  1  changes  the  sign  of  the  number  again  if  it  generates  earn 
into  sign  position,  this  only  happens  when  number  is  zero. 

In  Ex.  16  (c)  we  saw  2C  of  (130))0,  the  first  argument  is  already  given  to  you  that  for  8  bit 
maximum  limit  is  (-128). 

(-130)1O  cannot  fit.  Secondly  by  observing  2's  complement  string  also  we  conclude  i.e 
(-130)|0  =  (0  1  1  1  I  1  0  I)2 

Initially  it  is  zero,  so  number  lias  to  be  positive,  but  we  arc  writing  (-UO)10 
It  should  contain  1  because  of  this  we  switched  over  to  12  bit. 

(3)  2's  complement  of  2's  complemented  number  is  same.  It  means  that  you  have  2's  complemented 
number,  you  again  find  out  2's  complement  of  2C  number.  You  will  get  original  value 
Say  for  an  example : 

(4)l0  =  (0  1  0  0)2 

I's  complement  of  (4)10  =>  i  o  1  1 

+ _ 1 _  =>  _+ _ 1 

2's  complement  of  (4)10  =>  j  i  o  0  =>H)10 

Now  you  perform  2's  complement  operation  on  (-4)10 
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Binary  Ari*hme<R. 


0  ()  i  , 

1 - - - L 


2scompJe,Tlcn|  f 

(4)  n.  .  /|0  ^  0  1  o  o 

K  can  perform  X  + 
subtraction 

2.5  b, 


(+4) 


V  .  v  'rio 

V  on  n  b.t  2C  integers  directly  using  module  2’  addition  and 

i. JlT  *****  "**  _ 

xsss  trr-** . *««* . **- 

.1  cpl  <s  A  -  B  can  be  written  as  A  +  t-Ri  Sn  h  k  i\  "eK“"'e  number  representation  The  baste 
*-  opcri"<l  represented  bs  Ilt ...  „lvc  1,^1  b'ls'c  ‘u,W,n*  bUKk  bc  5™Ple  add, t, on.  bu,  one  of 
h'HC  *"Wl*cd  both  the  ntmtbcrtnp  system  6  '  '  “"plt"lt"  1  IC)  or  2  s  complement  (2C)  We 

^  Subtraction  using  Vs  Complement  Wethod  : 

|  :  acl.ottsTl^:"’0  n"""C"d  '5addCd  '»  -"cT^pfcnKn,  of  the  stto^ndTni  i.tc  Mtew^j 

I  ,,^"formar°""d  ,S  gCnCra,ed  “  15  addcd  10  ,hc  rcs“"  ^  "*  result  ,s  posttive  and  m  „s 

I  «„)  If  an  end  are.., td  earn  ,s  no,  ttc, ended  the  result  ,s  ncpaitvc  and  ,n  tfs  one's  completncn, 


I  cl  s  see  some  examples 


Ex.  17  Perform  (6)10  -  (4)10  using  V*  complement  method 
Soln.  :  (4-6)|0-(4)|0  (f0),n  4  (-4),0 

.  We  luxe  lo  represent  (  4),(l  m  negative  number  representation 
(*  <>)„,  (0  I  1  0)2 

(+  4)m  (0  I  0  0)2.  To  find  I  s  complement  siiuplx  complement  the  bits 

(-  4)0  =  ( 1  t)  I  l)2 

<♦*>10  =>0  1  10 
+  (-4)10  =>101  1 


cam 


-Q  .QLGL 


(  end  around 


0 


0  0 


0  0  I  0  =*  (0  0  1  0)2  *  (+2),0 

Answer  ( ^2),.,  is  in  imc  form  as  end  around  cam  is  present 


£x.  15  ;  Perform  (4)10  -  (6)10  using  I  s  complement  method 
>o(n.  *  (+4),0-(6)I0*(+  4),a  +  (-6)10 

^4)l0  *  (o  i  g  o>2 

(4-  6)I0  «  (Oil  0)2  To  find  Is  complement  of  (+4)l0 
i  i  1 1  complement 
f-6)io  *  (100  1), 
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<+  <>10 

0  100 

(~  6)10 

+ 

100  1 

cany - 

<-2>.o 

l 

+- 

110  1 

(cany  bit  =  o 


1 _ _ -»Q 

Ans.  110  1 


.  c<iny  not  generated). 


As  stated  in  point  (ii)  when  no  end  around  cany  is  generated  answer  is  in  l's  cotnplcmen 
lcrctorc  to  regain  answer  in  true  fonn  complement  it 

AnS-:  f  '  0  1>2  =>  (~  2)10 

i  -i  4-  complement 
(0  0  1  0)2  ^  (+  2)10 

Ex.  19  ,  Perform  (-4)10  -  (6)10  using  Ts  complement  method 
Soln.  .  M)I0  -  (6))0  =  (-4)]0  +  (-6)10 


In  this  case  both  numbers  arc  negative. 

we  have  to  find  out  l's  complement  of  both  the  numbers. 


(+  4ll0  =  (0 

1  0 

°)2 

(+  6)io  = 

(0 

1 

1 

0)2 

i 

i  i 

i 

i 

i 

i 

i 

(-  4h(j  =  (1 

0  1 

i)2 

(-6),0  = 

(1 

0 

0 

1)2  using  1C 

(~  41|0 

1  0 

1  1 

+ 

* 

+ 

(-  6)  io 

=> 

1  0 

0  1 

carry 

-> 

□0 

HO)10 

i 

0  1 

0  0 

0 

I _ 

— 

— 

— 

-  *-l 

0  10  1 


Here  rules  (i)  and  (ii)  will  not  work  as  both  the  numbers  given  are  negative  .  The  final  answer  we  have 
to  complement  to  get  in  true  form. 

(-J0),o  =  (0  1  0  1)2  perform  l's  complement 

X  i  1  1  complement 

(+  W), o  =(10  1  0)2 

Even  though  cany  generated  we  have  to  complement  the  final  arcwer. 
ft  is  essential  that  we  have  to  inform  hardware  that  both  the  numbers  are  negative 
Exs.  17,  I H  and  19  contains  three  typical  cases : 

(i )  Positive  number  and  smaller  negative  number. 

(ii)  Positive  number  and  larger  negative  number. 
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(»ii)  Two  negative  number. 

Now  we  arc  going  to  see  case  (iv)  that  is  of  equal  and  opposite  number. 
Ex.  20  :  Perform  (6)10  -  (6)10  using  1's  complement  method 

Soln. 


(b)l0=  (0  I  1  0)2 

(~6)l0  =  (1  0  0  1)2 

(6),o 

+ 

M>)lO 

carry  - 


EP 


0  110 

1001 


1111 


1111 


Carry  not  generated,  therefore  answer  is  in  l's  complement  form. 

(-0)IO  =  (1  1  1  1)2 

(+0),0  =  (0  0  0  0)2 

Basically  (1  1  1  1)2  is  also  correct  as  in  l's  complement  (-  0)10  =  (111  1)2 


Binary  Arithmetic 


1 


2.5.2  Binary  Subtraction  using  2's  Complement  Method  : 


Rules 


Note 


(i)  Minuend  is  added  to  two's  complement  of  subtrahend. 

(ii)  If  carry  is  generated,  result  is  positive  and  in  its  true  form. 

(iii)  If  no  cam'  is- generated,  result  is  negative  and  is  in  its  two’s  complement  form 

(iv)  Cam'  is  always  discarded.  - - - - - - - — 


Concluding  that  answer  is  in  true  or  2C  form  can  be  done,  by  observing  sign  bit 
Here  also  we  will  study  four  cases  : 

(j)  Positive  number  and  smaller  negative  number. 

(ii)  Positive  number  and  larger  negative  number. 

(iii)  Two  negative  numbers. 

(iv)  Equal  and  opposite  numbers.  - 


K.  21  :  Perform  (6)^  ~  (4)io  us'n9  2’s  complement  method. 


Soln.  :  (+  6),0  -  (4)jo  =  (+  6)10  +  (-  4)io- 

f+  6)10  =  (011  0)2,  (+  4)10  =  (010  0)2 

For  finding  2's  complement  of  (4)10  to  get  (-  4)10 

l's  complement  of  (4), 0  =>101  1 

4-  1+1 

2's  complement  of  (4) I0  110  0  (-4)l0 
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---  . 

olio 

(+*>,0 

— > 

1  10  0 

(-0,o 

cam’ 

0  _ 

0 

t  y 

r*r()  0  1  0 

Discard  / 

carry/ 

3  positive,  1  ° 

7 

+  (2)|o 

So  answer  is  in  true  form. 


negative ). 


i.  Ex.  22  :  Perform  (+4)10  -  (+6)10  using  2C  method. 
Soln.  ;  (+  4))0  -  (*■  6)|0  a  (i  4)|0  +  (-  6)jo 
(+4)io=»(OIOO)2.(+6)|0  =  (()HO)2 


I's  complement  of  (6))0 

I 

=3 

-f 

10  0  1 

1 

2's  complement  of  (6))0 

10  10 

(+  4),0 

=> 

0  1  O’  0 

+ 

+ 

(-  b),0 

=> 

10  10 

Garry 

0 

carry  not  generated 

1110 

(-6)10 


=>  answer 


T  sign  bit 


and 


A  _  b 

As  cany  -  0,  answer  is  in  2's  complement  form  therefore  to  get  final  answer,  complement  (1  1  1  0),  C 
add  T.  2  \ 


1's  complement  of(JIl())2 
+  I 


0  0 
+ 


0 


2's  complement  of  (11 1 0)2  0  0 

So  answer  is  verified. 

(4)jo-f(-6)io  =  (-2)10  =  (lUO)2C 

Ex.  23  :  Perform  (-_4)  -  (6)10  using  2C  method. 

:o/n.:  (~4)I0  ~(6)l0  =  (-4)l0  +  (-«),„ 

(+  4ho  =  (0  I  0  0)2  (+  6)l0  =  (011  0)2 

(~4>2C  ~  0  100)2Q  (- 6)j c  =  (1  0  1  0)2C 

-  (-4),0 

+  (-6),0 

cany  Q] 


o 


(+2) 


10 


/  c>  n 


r 


=> 

=> 


r  i  o  o  ^ 

10  10 


Olio 


Actually  our  answer  should  be  (-  10)10,  (-  lo)|0  doesn't  fit  within  4  bits.  Therefore  we  have  to  switch 

L/Mij. 

(+ 4)w  =  (°  0  I  0  0)2  (+ 6)l0  =  (0  0  1  1  0)2 

(-  4hc  =  0  1 1 0  0)2  (- 6)2C  =  (11 0 1 0)j 
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Distant  curry 


lotto 
T 

As  \  »  I'll 

re  aw  arc  with  tire  fact  tluu  last  bit  in  2C  code  represents  sign.  I  -  Negntivo,  0 -  Positive 


(10  11  0),  cari>  generated,  but  as  sign  bit  «  \.  we  have  to  find  out  2’#  coiuplcnrcnt  of 


l’s  complement  of  (loi  10)2 
+  1 


=>  0  10  0  1 
+  l 


2's  complement  of  (101 10)2 


0  1  0  l  0  =>  (+  to) U) 

T 

positive 


Ex.  24  :  Perform  (+  6)  -  (+  6)10  using  2C. 
Soln.  :  (+  6),0  -  (+  6)l0  =  (+  6)10  +  (-  6)l0 
•*.  (+  6)10  =  (011  0)2 


(~6)10  - 

(1  0  1  0)2C 

(+  6)10 

=> 

0  110 

+ 

(-6)10 

=> 

10  10 

cany 

-»Q 

□0 

0  0  0  0 

Discard  cany.  Therefore  answer  =  (0  0  0  0)2  =  (0)10 
The  result  is  obvious  +  0  as  expected. 

whito~nBrforminq  1C  or2C,  both,  numbers  have  to  have  same  numbordbtoj 


2.6  Binary  Multiplication! 


rules. 
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A-  I 


5  O  +axB,  +A2xB,  +  A>XD' 

+  A:XB3  \\b  +  A,  x  B,  +  Ao*B2 

+  A,  x  b3 


.T^.sayAj-Ao3”18,-^ 

f0I4biinumM  ^  a, 

B, _ 5°. 

A,xBo  A°xB» 
A0  x  Bi  X 

X  X 

_ — - 

A,  x  B0  Ao  x  Bo 

+  Aq  x  B  i 


and 


(1)  X  is  normally  taken  as  'O’. 

(2)  The  Fig.  2.1  shows 
'carry'  into  account. 

Let  us  see  some  examples 

Ex.  25  :  Perform  multiplication  of  (9),0  ar,d  (^)io 
Soln. :  (9),q  =  (IOOIJj  (1 1),0  =  (’01  lh 

1  0  0 


a;:„y  addfco,  wbde  performing  addition  refer  Tabie  2.1.  and  fate] 


- 

1 

0 

1 

1 

+ 

1  X  1 

Oxl 

Ox  1 

1  X  1 

=> 

1  X  1 

Ox  1 

Oxl 

1  x  1 

X 

+  1x0 

0x0 

0x0 

1x0 

X 

X 

=> 

lxl  Oxl 

Oxl 

1  x  1 

X 

X 

X 

cany 

(9)i o  x  0 1) io 

=  (99)I0  =>(1  10001  l)j. 

0 

0 


1 

0 

1 


1 

0 

0 

X 


0 

0 

0 

X 


0 

1 

X 

X 


1 

X 

X 

X 


00 


1  1 


Ex.  26  :  Perform  (10110)2x  (Wife. 

Soln. :  (101 10)2  -  (22), 0  (101)2  *  (5)J0. 


0  0 

-^>0  L 


o  1  1 

0  ! 
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The  answer  is  going  to  remain  same,  even  though  you  add  zeros. 

Ex.  27  :  Perform  (11001)2  x  (110)2. 

Soln.  : 

110  0  1 
X  _ 1  1  0 

0  0  0  0  0  I 

1  1  0  0  1  x 

1  1  o  0  1  x  X 

B  B- _  1 

10  0  10  110 
.*.  Ans. :  (100101 10)2. 


Ex.  28  :  Perform  (11010  .  101)  x  (10010  .  1). 


Soln.  :  In  this  example,  fractional  part  is  also  involved.  Still  procedure  is  going  to  remain  same.  After 
getting  multiplied  and  added  you  calculate  position  of  fractional  point  in  both  the  numbers  and  as  you  do 
in  decimal  system,  you  put  dot  in  the  final  answer. 


1  1 
x  1  0 

1  1 
0  0  0 
110  1 
0  0  0  0 
0  0  0  0 
10  10 

flaaa 

10  11 


0  1  0  1  0  1  =>  26.625 

0  10  1_ x  18.5 

0  1  0  1  0  1  =>  492.5625 

0  0  0  0  0  X 

0  1  0  1  X  X 

0  0  0  X  X  X 

0  0  X  X  X  X 

1  X  X  X  X  X 

0 

0  0  1  0  0  1 
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|  •  If  4  h**'  •*  ' 


?-W  . . .  ’'•“* 

D»a«»‘ _ —  luf  P'1"'  ln 

In  the  rim . .  *  (H,|  fur . . . . 

Therefore  M  il  »  *  1  *  4  *cf  takid**  1 ’  " 

No.  w«  (>«■«>  "I*  "f  "*  ' . ’•  ■ 

*-«"• .  ^ 


priinl  <<*"<> 


(  hi  in  ''''  J  KU,i  3> 


E*.  29  :  P««toim  (10110  01 "  I1®1  '' 


I  « 


I  I 


II  0 


i  o 


I  0 


|  0  I  I 

I  (,  0  0  0 


till 


0  <» 


Olio  0  l 

E  0  0  0  0 


|  0  o 


X  X 


>  (  |  I  I  I  (I  I  "  Oil) 


2.7  Binary  Division : 

The  proccsa  for  dividing  one  birurv  number  (divide nd)  bv  another  tdisiwi)  ta  ••  mih  !  'I1'*  v-  '  11 
mi  decimal  number  sv vicm  The  method  implemented  is  tuhtruii  thr  divitor  from  dniJrnd  II  in  f><  ir«iu 
is  generated  set  quotient  n*  lo>;ic  T  else  lo  lo^ie  o' 

Let's  see  some  c samples 

Em.  30  :  Perform  (lllllp  *  (lOlj 
Soln. ;  f II 1 1 >2  (I5)l0 

10  )  I  I  I  I  (  I  I  I  -*  Quotient 

I  • 

L  0  L  ’ 

0  I  I  l 


0  I  i 
I  0 

0  I  -» Remainder 
Quolicni  s  ( 1 1 1 )2  *  (7)|o 
Remainder  ■  (0 1 )2  "(l^ 

Ex.  31  :  Perform  (30)10  ♦  (3)I0 
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2-23 


Soln. :  (30), 0  (11  U0)2,  (3),0  =  (oooil) 

n)  1  1  !  !  <f(*'o'~r^> 


-  °lQgfy  Arithmotu- 


-1 

0  0  1 


o  0  1  ! 

1  1 


added  zero 

Here  001  is  less  than  1 1 

•  we  have  to  take  one  more  bit  down  and  put  'O’  in  quotient 
we  get 


0  0  0  Finally,  last  'O'  in  dividend  that  we  put  in  Quotient  (shown  by  dotted 

line). 

Quotient  =  (1  0  1  0)2 
Remainder  =  (0  0  0  0)2 

Ex.  32>  Perform  1101001  +  101.  (Dec.  99, 2  Marks) 

Soln. :  (1 101 00 1  )2  =  (105)]0  ( 10 1)2  =  (5)10 

N.-.  10l)ll0100l(l0l0l 

«()  -101 _ _ 

[T]  If  we  bring  only  1  bit  down  we  get  0011 

0  0  110  which  is  less  than  1 0 1 .  we  take  two  bit 

10  1  and  add  '0'  in  quotient. 

_ _ _ — - - - 

\\J  00101  here  again  we  take  two  bits  down  and 

\  1  0  1  add  'O'  in  Quotient. 

0  0  0 

Quotient  =  (10101)2,  Remainder  =  (00000)2. _ ■  y/ 

Ex.  33  :  Perform  (9)10  +  (3)10. 

Solji. :  (9)l0  =  (1001)2,  (3),„  =  0011. 

11)10  0 _ 1  (  1  1 

_ 11  Al  SfTIZllld 


ool  1  than 
-  1  1 


Here  we  have  two  bits  '10'  in  dividend  and  '10'  is  smalle 
than  '1 1'  i.e.  divisor  therefore  we  take  3  bits  of  dividend 


0  0 


Quotient  =  (1  l)a  "  (3)io 
Remainder  =  (0)2  =  (°)io- 
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O  O  I  0  o  • 

O  1  1  T  _J— 

o  0  I  0  I 

0  »  i 

0  ,  o  ^Remainder  ^ 


Quotiem  *  fioioi )- 
Remainder  =  (010), 

Ex.  35  :  Perform  (10) 


‘(21)  , 
^2)Kr 


Soln.  ;  (10) 


to 

1  0 


to 

(1010). 
0 


'«>10 

(4),.  =  (0100), 


)  > 


I 


0 

0 


1 

0 


0  0  I 


0  (  I 

—  i  u  •um'  Therefore  same  as  in  decimal 

o-*Hcrc  I0‘  is  less  than  lt*>  I  ncreioi  w  j  c 

number  »c  have  to  imagine  fraction  pon  ‘ 


10  0)  I  0  I  0  0  (  1  o  I 

“  I  0  0  i  1 

o  o  i  o  o 

I  0  0 

0  0  *0 

Now,  here  remainder  -  (0000),  =  (0)lo. 

Abour  quotient  we  have  (101),  bul  how  lo  put  fractional  point  The  concept  is  same  as  that  of 

decimal.  Presently  in  dividend  we  have  one  bit  after  fraction  point 
Quotiem  *  (I0.l)2  *  (2  5),0 
(J0)|„  +  (4)l0  '  (2.5), 


Ex.  36 
8otn. : 


Perform  1101001  101  ♦  101 


I  0 


I  )  I 
-  I 


I 

0 


0 

I 


10  0  1.10  1(10  10  1.  OJJJ 

^  -i-  -I - '  •  !  f  f 

i 


0  0  I 
I 


I 

0 


I  I 


0 

I  i  * 


0  0 


I  0 
I  0 


I 


/.  Quotient  *(10101 . 001  )2 
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I  t  t 


f-f-f . . 

i  i  i 

♦ 


000  101 


I  0  1 


0  0  0 


1 

1 

1 

/ 

1 

1 

1 

1 

* 

-  ^ 

1 

-- J- 
1 

V 

+~ 

1 

/ 

1 

1 

1 

/ 

• 

1 

1 

/ 

✓ 

1 

1 

1 

(June  99,  2  Marks) 


2.6. 1  Addition  : 


'•/•win : 


fM* :  s,n“  'he  ha»c  ofthTiiumCr'~- .  _ 

Llll_The  requ!^.digliaf  *"*m  >.  '»■. « „  t  .  - - 

Let’s  take  one  example,  ~  ~~~~~~--EgflfalLfun|  -  orwmd  if  partial 


*uin  exceeds  ’H* 


Add  (6)„  and  (7)8. 
(6)« 

♦  (7)* 


(13)10 

* 

(,3)io  ~  (8)io  =  5  with  cany 
(6)h 

+  (7)g 
cany  (Tj 

5  Answer  =  (15)g. 

Ex.  37  .-  Perform  (624)8  •*■  (154)8i 
>oln. : 

6  2 

+ 

1  5 

can>r  0  0  0 

(10  0 


(624)g  +  (154)g  =  (1000)g 

38  :  Perform  (523)8  +  (167)8. 

n. : 

5  2  3 

+ 

1  6  7 

b  rn 

7  1  2 

/7i7\  =  A  fini/<»r 
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a  I. 


<1% 


5  :  3 


+ 


Hilary  Anthmotm 


r  r'O 


ow*1  •  '»—•* . * . * . . . . 

,1)  . . . . :  '  . .  reroiiii.u  W.I'NX«-  1 

. . (.*.*«' . I 

$  J 


7 

II 

7 


(•*),.» 

II 


i 

cm  iv 


l 

i 

cmiy 


a 


i 


>  (locliuill 

>  octal  number 

» final  unswci 


(1.M),  *  (167),,  -  (712)*. 


Ex.  30  :  Add  (727),  wllh  (234)„ 
Soln. : 


mm' 


•I 


a 

3 

1 

3 


>  Decimal 


(1163), 


(727)„  l  (2.14) -(1 163),. 


There  In  one  more  method  to  verify  your  answer.  The  mctlwd  is 
(!)  ( 'on vert  octal  to  its  equivalent  binary. 

(2)  Perform  binary  addUlon  (Refer  Table  2. 1  for  the  same). 
(J)  if  you  mint  answer  back  In  mini,  convert  binary  to  octal. 
Lei's  sec  same  examples  that  wo  have  solved  just  now. 

(D  H  >■  (7), 


H 

(i  1  0)j 

0), 

■0 

0, 

(1  1  1), 
s 

i 

i 

t  0  I 

Lwr>  .  -V  j 

binwv 

i 

'  '  V 

«>, 

% 

v  1 

km*  >1141. 
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Binary  Arithmetic 


C'Kjitnf _ 

(“>  (624),  +  (154), 

(^24V,  =>  110  0  10  10  0 

+  + 

(,54)*  0  0  1  1  0  1  1  00 


E  IT]  m  B  E  E  E _ cany 

1  i  i0  0  0.  .non.  .non. 


ltj 

Aes. :  (1000),. 
tm)  (523),  +  (167), 

|0  0  0, 

0 

o’ 

o  o 

c 

_ 

!  0  0  0  j 

0 

=>  binary 
— >  octal 

(523),  => 

+  + 

1  0  1 

0  1  0 

0  1  1 

(167), 

0  0  1 

1  1  0 

1  1  1 

cam 

00 

0  0 

00 

l!  1  li 

II 

lQ_Q-  it 

II 

-0] 

II 

— >  binary 

Ans.  :  (712),. 

(rv)  (727),  4-  (234), 

(Tig 

(l)* 

(2)8 

(727),  =* 

1  1  1 

0  1  0 

1  1  1 

+  + 

(234), 

0  1  0 

0  1  1 

1  0  0 

Mj 

0 

000 

1 

jO  0  ll 

lL-L0j 

lUJUJj 

-4  Binary 

i  u  ii 

11  6  3  ->  Octal 

An*.  :  (1 1 63)g. 


2.8.2  Subtraction  : 

Now  we  are  going  to  perform  octal  subtraction 

(i)  By  direct  method. 

(ii)  By  converting  octal  to  binary  and  then  performing  subtraction  and  then  back  converting  answer 
from  binary  to  octal. 


(i)  By  Direct  Method  : 

- - - — - - 

Rule  :  If  the  Minuend  is  less  than  subtrahend,  we  borrow  8  and  cam  T. 


Say  for  an  example,  perform  (751)8  -  (273)8 


03)IO 


7 

lj 

2 

7  1 

3 

<3),o 

<*>10 

EJ 

0J 

— >  boirow 

<*>io 


4 
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5 


6 


cany 


Di 


- 

,  - - — - - - 2  20 _ 1^borr°w 

While  performing  1  -  3  we  found  T  is  smaller,  therefore  we  addC^  ^^hend  i «  7*  *C  gC* 
previous  digit.  At  the  same  time  we  added  carry  T  in  next  digit  o 
7+1=8. 


I  Now>  (8  ♦  I)  -  3  -  9  -  3  -  6.  .  5  is  less  tnan  •>, 

I  Step  II .  Now  we  have  to  perform  5  -  (7  +  1)  where  1  is  carry.  Again  wc  found  tiinC  we  added 
therefore  wc  borrowed  8  from  next  digit  so  we  got  (8  +  5)  ■=  13-  At  1 
cany  T  in  next  digit  of  subtracted  i.c.  2.  Therefore  wc  got  (2  +  D  =  3 
Finally,  wc  performed  (8  +  5)  -  (7  +  1)  »  (13)  -  (8)  -  5 

PO  III  *  Pinnlk/  L _  * 


A**. : 

-  (456)g. 

- 1  i 

cx.  40  :  Perform  (653 )8  -  (77)8 

Soln. ; 

B_ 

0“ 

- borrow 

13 

11 

6 

5 

3  _ 

0 

7 

1 

7 

1 

x 

el 

0^ 

5 

5 

4 

Ann.  :  (%54)9. 

Ex.  41  :  Perform  (5531)8  -  (3261).T(V)j 

Soln. : 

0' 

•* - borrow 

(ID 

5 

5 

3  _ 

1 

1 

2~  1 

6 

1 

!  3 

raj 

aim 

2 

2 

5 

0 

Am.  •  (2250) 

s 

<">  °y  converting  oclal  10  binary.  Wc  will  lake  same  examples  to  cross  check  answ 

(») 

(7.11), 

=> 

1  1  1 

1  0  1  0  0  1 

(271). 

=> 

010  1 

•  1  011 

Ann. :  m  (456)$ 


LlOOj  ,1 

4 


-HUM-i 
0 


dL 


3 


-Jl 


(bone 

->bina 
->  ocu 
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•55 


« 

1  1 

0 

1 

0 

1 

0 

1  1 

- - 

- - 

1 

l 

1 

1 

1  1 

_ 

-I 

-1 

-l 

-1 

Itaw 

t1  0 

: 

LI 

0 

1 

0  0| 

— *  b^art 

A*l  =  554  H 

c 

5 

A 

— »  Octal 

<55511, -0261)^ 

*555]  i, 

=»  1 

0 

i 

l  i 

0  1 

0 

1 

1 

0  0  1 

<3361>, 

0 

] 

l 

0 

10 

1 

1 

0 

0  0  1 

-1 

-i 

-I 

-  bcrrru 

0 

I 

II 

5°  1 

1  a 
% 

A 

0 

— ♦  bi-nan- 

An.  =  225.  ( 


octal 


until  ncT*  * -*»  Am  1F1^<r4t_l i  i  , _j  w _ 

car  awn  rK.  >v  ^  .  7^.  ^  '  ■*>  COWCTO®  *o»wl  k  peifona  sdbcacooo  *  ccul  *  e 

^  1  5  cocvP*'“LM  < IC'  *>d  «***»«  20  aatod  foe  subtree n 

5  ^  <°  *-^C  negative  number  in  octal 


2.8.3  1-s  Complement  to  Represent  Negative  Octal  Number 


Uf  s  take  nurnbet -5S  io  npnsae  ra  I  s  con-p’enieni  Ike  fira  method  is  to  subtract  am  pnen  octal 
number  froa  i  Tbs  •» iO  ±.tclS  c>  e  >  ou  I  s  oc r.picncrt 


i  s  cofrpJexna*  of  (5^,  =  r  t  -  (5 *, 

=  <A 

2”a  method  is  ver>  single 

(a>  Com  err  gr.  en  octal  io  txnan 

<b>  Ccrnpiemenl  bma/v  number 

A 

(c)  Ccmen  bi.ian  to  octal 

■  \ 

(A  <1  0 

A 

- »  Step  (a) 

— 

w  w 

ComplemenP  Step  b) 

JO  I 

OL 

}-* 

I 


t*  n  i  »> 


m  I 

#  k15 


C2>, 


j 


S»ep  (c) 


Therefore  answer  from  lc  and  2-  method  both  is  matching  Let's  perform  aU  previews exiles  istnij 
l‘s  complement  method  I  am  going  to  prefer  method  1  of  finding  I  s  complement.  because  veu  xx.  unrjc* 
aware  with  2®*  method 


(i)  Perform  (751),  -  (273i, 

Sold.  :  (751),  -  (273),  =  (751),  ♦  (-273), 
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-  _ , 

.273 

(5  0  4),  _ 

— >  l's  complement  of  (273), 

-f 

(751), 

7 

5  1 

(-273), 

5 

0  4 

aim 

->  1 

l _ 

( 12),0 
1 

(5),o  (5)I0  -»  decimal 

1  i 

<  < 

f  end  around 

-  -*►! 

aim 

J 

<  fi 

An*.  ■  (456), 

00 

Soln. : 

Perform  (653)8  - 

-  (77), 

l's  complement  of  (77), 

= 

111 

- 

0  7  7 

(6.5.1),  -  (077),  =  (653),  +  i 

f-  077), 

7  0  0  =>  (-  77] 

6 

5 

3 

7 

0 

0 

(13), o 

a 

(15), 

aim  -  - 

(5>io 

a 

(5), 

(3),o 

U 

(3), 

►1 

-»  decimal 

->  octal 

3 

5 

4 

An*.  »  (554), 

(in)  (553 1  )8  -  (3261), 
SoJn.  ;  (5531),  +  (-  3261), 

(-3261),  =  7 

111 

.1 

2  6  1 

4  5  16  •=*  l's  complement  of  (3261  ), 


5 

5 

3 

1 

-*  octal 

4 

5 

1 

6 

->  octal 

•  V 

(*«)io 

<4>.o 

<7>,o 

->  decimal 

a 

(1 

(JO)f0 

((1)2), 

<*>. 

(7), 

II 

a 

11 

cam 

I  2 

2 

4 

7 

# 

1 
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.Digital 


2-31 


At  it hm* tic 


1 
4 

1(1)  0), 

r 

cany 

0),  ^  Answer 


» end  around  tarn 
>  dctnnal 


4  H 

(carry  generated  from  LSI)  is  taken  to  next  digit) 


(2  2  5 

2.8.4  2  s  Complement  to  Represent  Negative  Octal  Number  : 

_ _ -  s  complement  is  nothing  but  I’s  complement  plus  I  To  achieve  this  we  lu\c  two  methods 


First 


(1)  Subtract  number  from  7  7  7  (The  numbers  of  digit  7  depends  upon  no  of  digits  of 

number)  Say  4  digits,  we  have  7777.  This  is  done  to  achieve  Ts  complement 

(2)  Add  I  to  I  s  complemented  number.  You  will  get  2C  code. _  _] 


Second 


( 1)  Convert  octal  number  to  binary. 

(2)  Perform  I’s  complement  on  binary  number 

(3)  Add  I  to  it 

(4)  Convert  binary  to  octal 


Example  :  To  represent  (723)s  in  2's  complement  form 

Soln. :  Method  I  : 

(i)  We  have  l  digits,  therefore  subtract  from  777. 

7  7  7 

-  _ 7 _ 2  3 

s  4  l 's  complement  of  (723), 


0 


I’s  complement  of  (723), 

1 


+ 


0 


4 


2's  complement  of  (72 3)s 


0  5 


=*  (-  722),  in  2C  code 


Method  2  : 

(723 )„  =  (111  010  01 1): 

I's  complement  of  (723)s  =  (000  101  100)2 

1’C  of  (723),  =* 


0  0  0  1  0  1  1  0  0 


1 


l 


2'C  of  (723)g 


Now  we  arc  going  to  perform  subtraction  using  2  s 
examples  for  the  same. 

V.  ' 
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ooo  101  101  binary  (-  723) 

a  it  n 

0  5  5  ~>  (“ m)' 

complement  method.  We  arc  going  to  sec  some 


^  - - - - 2-32 _ 

orti  °rm  ^^^8  ~  (273)8  using  2's  complement  method. 

3°ln.  :  (751),  -  (273)*  =  (751)f|  +  (_  273), 

Now  represent  (273),  in  2's  complement  form  to  get  (-  273), 

1C  of  (273), 


7  7  7 
2  7  3 


5  0  4 


1C  of  (273), 
1 


5  0  4 

1 


2  C  of  (273), 


5  0  5 


(-  273)g in 


2C 


(751), 

(-  273), 
cam' 


7  5  1 

5  0  5 

14  5  6 

t 

Ignore 

carry 


_>  octal  directly 
Ans.  =  (456)g 


Ex.  43  :  Perform  (653)s  -  (77)s  in  2C  method. 

Soln.  :  (653),  -  (77),  =  (653),  +  (-  77), 

1C  of  (077),  =  7  7  7 

-  0  7  7 

7  0  0 


k 


v 


rc  of  (077), 

=> 

7  0 

0 

4- 

1 

+ 

1 

=*  (-  77),  in  2C 

2'C  of  (077), 

=> 

7  0 

1 

(653),  => 

6 

5 

3 

+ 

-  (^77),  => 

+ 

7 

0 

1 

p- 171 

|  5 

5 

4 

cany 

. .  T 

1  J 

Ans. 

(ignore  it) 

=  (554),. 

Ex.  44  :  Perform  (5531)s  -  (3261  )8. 

Soln.  :  (5531), -(3261),  =  (5531), +  (-3261),. 

1C  or  (3261),  =  7  7  7  7 

3  2  6  1 


4  5  16 

1C  of  (3261),  =>  45  16 

+ _ I  +  - 1 — 

2’C  of  (3261),  4  5  1  7  =5  2C  of  (3261), 
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£Jl« 


T- 

<-  326  U, 

A»t  =  (22501, 


2-33 


Binary  Arithmetic. 


5  5  11 


=*  4  5  17 

a  a 

Ignore  ihis  2  2  5  0 

cam 


tarn 


'*  &wCtract>on  1  s  complement  and  2  s  complement  examples  taKen  are  identical  so| 
rat  fo^  car  compare  three  methods 


2.8.5  Multiplication 


N-ca  we  are  going  to  learn  multiplication  in  octal  system.  If  you  directly  multiply  octal  number  it 
becomes  bn  complicated  therefore  normal  procedure  followed  is  as  follows  : 

Step  I:  Comert  octal  to  binary  (both,  multiplier  and  multiplication! 

Step  n  :  Perform  simple  binary  multiplication  (Refer  Table  2  6). 

Step  HI :  After  performing  multiplication.  whatever  answer  you  get  in  binary,  convert  it  to  equivalent 

_ octal _ _ _ 

Let  s  see  some  c camples  for  the  same. 


Ex.  45  :  Perform  (I2)g  x  (7te 

Soln.  : 

Step  I :  Com  ert  both  octal  number  to  binary  : 

fl2),  =  f0  0  1  0  1  0)=  (1  0  1  0)j 
(7)t  =  (1  1  1);  =  (1  1  1): 


0 


L 


o  o  i 
_ J  L_ 


o 


0 


To  cross  check 

n2)t  y  (7)>  =  (I  x  S*  ♦  2  x  **)x  P  *  *"1  =  (10)to x  (7),0  =  (70) 
Consider  result  i  c  (106)| 

(\<>6)i  .  *  l  ^  S2  *  0  x  8‘  +  6  x  8°  =  (64  *  °  *  6),°  =  (70)l° ' 


to 


gf  4$  ;  Perform  (725)j  x  (33)g. 

8otn. : 

Sic#  i ;  Com  ert  given  octal  to  binary 
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1 

0 

1 

1 

_! _ 

0 

1 

1 

0 

l 

0 

1 

0 

1 

0 

X 

1 

0 

1 

0 

X 

X 

"0  0 

0 

(106), 


Step  || . 


2-35 


Era1"/  Ait- <-r<«r c 


X 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

l 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

1 

0 

0 

0 

1 

0 

1 

0 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

1  0 

0 

0 

1 

0 

1 

0 

X 

X 

X 

X 

X 

1  0  0 

0 

1 

0 

1 

0 

X 

X 

X 

X 

X 

X 

E 

0 

0 

0 

1  1 
Step  III : 

,(1  1 
LJ  l 

0  110 
Convert  binary  to  octal. 

0  1  1 

1  1 

0  111 

0  0  1 

J  i 

0  0 

1  1 

1 

1 

0  — >  blftjLTV 

0  -  0  lu 

1 _ j 

binan 

v 

U 

U 

(1  5 

Ans.  =  ( 1 547. 1 ), 

4 

7 

l  \ 

octal 

To  verify  convert  (42.4)s  and  (31.2)g  in  decimal 

(42.4) ,  =  (34.5)10,  (31  2),  =  (25.25)10 

(34.5) ]0  x  (25.25)10  =  (871.25)10 


Now  convert  (1547.1),  to  decimal  you  will  get  (87 1  25)10. 


2.8.6  Division  : 


For  division  in  octal  system,  we  follow  the  same  steps  i.e 
[step  I :  Convert  octal  to  binary. 

Step  II :  Perform  binary  division. 

Step  III :  Convert  given  binary  quotient  and  remainder  to  octal. 


2.9  Arithmetic  in  Hexadecimal  Number  System : 
2.9.1  Addition : 


Rule  •  Since  the  base  of  the  hex  number  system  is  16,  a  cany  (or  logic  1)  is  carried  toward  if  the  p 
sum  exceeds  16  and  the  required  digit  of  partial  sum  =  Partial  sum  -  16  Steps  perforate 

adding  hex  numbers  is, 


Step  I  :  Convert  EACH  hex  digit  to  equivalent  decimal. 

Step  II  :  Add  the  two  numbers. 

step  m  :  Convert  it  (answer)  to  equivalent  hex  number  and  adjust  cat 
For  example,  add  (A)16  and  (9)I0 

anned  by  CamScanner 


A 


"*  <V>io 

0R  Perform  (i9)1A_n#-v  ,  (l9),° 

10  (  ,6ho  *  3  ->  partial  sum 

(IV), o  -  I  i 

T  T 


Directly  you  can 


find  that  (1V),0  *  (,3)|6 


A 

carry 

partial  sum 

+  9 

cany  [7] 

1  3  •••  An*.:  =(11),6 

Take  one  more  example  of  two  dicits 

Add  (C2)M  and  (3E)„ 

C  2 

— > 

02), o 

(2),o  I  Convert  each  litre  di^d  to  equivalent 

3  E 

— > 

(3)io 

(14), o  J  decimal 

•  (15),o 

C16)I0 

05), o 

(16), o 

V 

16-  16  = 

:  0  with  carry  (1) 

We  have. 


(!5)lo 

1 

(16),  o 

(16),  o 

(0),6 

11 

C0).6 

r 

cam* 

Total  answer  is  (100),6.  These  all  steps  arc  represented  in  only  ONE  step 

C  2  =>  (I2),0  <2)10 

+  + 

3  E  =>  (3)|q  (14)10 

cam  -* 

1  (i6)j0-(16)IO-0  (16), 0  -  (16). 0  ■  0 


An s. :  -  (100)I6  -  100H 


:  One  should  subtract  (16)10  If  and  only  if  total  sum  is  equal  or  greater  than  (16)10. 

i .  . 
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*  ’  A  ,  .  ’  *«»-■»•<  ...  , 

(00CC>«  *  WS*)w.(7l~ 

*^.3ch  '*  ,7)- 

("OfCl.CAO 

So|„.  .  CA9  * 

<D 

D  D  C  C  » 

4  * 

,,  »  «  A  A 

*  <»rrv  r~, 

JjL 

«  ~  2-i 

i 

Ant.  (| 


00 


( III ) 


?-37 

A  -  -»■» 

— - -  ^M*nrry#T»c 

<n),o 

<n>.o 

( 1 1  )j0 

j a _ 

< 1 1  ),0 

01 

""'.o 

ra 

cun10 

-  16  *  9 
i 

26  -  U>  - 

21  -  16  - 

7  22  -  lb  «  6 

aa 

A  5 

“*  (I0),o 

2  C 

-*  <2tIO 

( I2),0 

\ 

c.im 

<">,0 

M7  -  |6  - 

4 

7 


i 

6) 


lf> 


(I) 


1* 


FEI 

— » 

<«5>io 

( I4),0 

(l), 

CA9 

c.im 

-4 

0*^ 

( !2),o 

0- . 

(  1'0|Q 

<9) 

ID 

10 


I 

U 

I 


An*. :  -  ( I  C  8  A),6 


28  -  16  ■  (12)l0 
II 
C 


1. 


24  -  16  *  (K) 


10 


(10) 


to 


8 


rand 


nuW 


i  ai 


hc> 


49  ;  Perform  following  additions  : 
(i)  (DADA)1S»(PAB4)„ 

(it)  FA7H  ♦  1FDH 
(»,)  DDCCH  *  1234H 
(iv)  S678H  ♦  4456H 
Scanned  by  CamScanner 


cany  - 


D  A  D  a 

baba 


Ans.  :  (19594) 
(«) 


Ans.  =  (11A4)I6 
(Hi) 

D  D  C  C 

+ 

12  3  4 


<13),o 

01),o 

B 

25  -  16  =  9 

i 

9 


0 


(11  >10 
0 


(10), o 
(10),  o 


21  -  16  -  5  25  -  16  *0  20-16^ 


F  A  7 

— > 

(15)10 

(10)10 

(7)10 

+ 

1  F  D 

— > 

(D,o 

(15)10 

(13),o 

H 

0 

-cam 

i 

i 

17  -16=1 

26  -  16  =  10 

20  -  16  =  4 

(13)10 

(D,c 

JL 

(15), o 
i 

F 


(13),o 

02), 0 

(12), 0 

(2),o 

O),o 

(4),0 

0 

0 

-16  =  0 

16-  16  =  0 

16-16 

Ans.  =  (F000), 


Ans.  =  (9ACE)J6. 


4 

(% 

i 

9 


4 

(10).o 

i 

A 


5 

O2)10 

i 

C 


6 

(W)io 

I 

E 


nc  more  method  is  there  to  perform  hex  addition  The  steps  are  as  explained  follows  : 
Convert  hex  to  binary. 
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f 


(iii)  Convert!?^  add,tion  (Refer  mic  1) 
We  will  see  answer  in  binaiy  to  hex. 

(i)  Add  ! aT  examP,es  for  the  same. 

V *  Add  CA>i6  and  (8)16 

+  (A),. 

W.6 

cany 


2-39 


□ 


(1  0  1  0)2 
(1  0  0  0)2 


[00  1  0  I 

2 


00  Perform  C2H  +  3EH 
C2H  -> 

+  3EH  0  w  i  i  ] 

-0  0  0  0  0m 

.  f\  f\  g\ 


l 

o 


0 

1 


0 

1 


0 

1 


LL 

l 


.0 


0 


0 


0 


0 


J  l 


0 


2.9.2  Subtraction  : 


Binary  Arithmetic 


— » binary 

12  H  is  the  answer 


0  1 
1  1 

□ 


0 

0 


0 


0 


0 


Cam 


binary 

hex 


nth  met: 

1 


er 


and 

tnd 


Now’  wc  are  going  to  study  subtraction  in  hex  numbers.  We  are  going  to  study  three  method  of 
subtraction. 

0)  Direct  subtraction. 

00  1 C  method  for  subtraction, 

t  (iii)  2C  method  for  subtraction. 


— fll 

Direct  Subtraction : 

Rule  : 

If  the  minuend  is  less  than  subtrahend,  wc  borrow  16  and  take  cam  T.  (Reference  :  Sec  'octal! 
subtraction',  the  difference  is  in  octal  wc  borrow  '8'.  in  hex  wc  borrow  16) 

Wc  w  ill  see  one  examples  for  the  same. 

(a) 

Perform  (A)l6-(8)16 

(A)|6 

00),o 

(8), 6 

->  (8)io 

(2),o 

=>(^16 

Aim. :  =  (2)I6 

(b) 

Perform  73H  -  1CH 

- ►  Borrow 

U’)io 

(73  H) 

-4 

(7),o 

O>,0_ 

- Operand  1 

(1CH) 

-> 

02), o 

- ►  Operand  2 

+ 

(2),o 

- ►Cany 

(7)io-(2)io  =  5  (19 -12)  =  7 

i  i 

5  _  7 

* 


An*. :  =  57  H 
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n 

o 

O 

a 

3* 

3' 

5 


■o 

o 

3 

3 

a- 

6 

•3 

V5 


KJ 
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(<-)  Perform  (A65),,- (777) 


-Qlaital 


(73), 


2-41 


'to  -»  (()  j 

(1C),„  (()  0 


1 


0 

1 


0  1  IK 


0  1 


JL  1  1  1  0  0)2 

ED  ED  PT1 

0l. 


,0 


u 

5 


1  1  Ji 


Ans.  =  (57),  6 
(c)  Perfonn  (A65),6  -  (777),& 

(A65)io  ->  (10  10 


U 

7 


Binary  Arithmetic 
Operand  1 

Operand  2 
borrow 

binary  answer 
licx 


0  110 


0  1  0  1), 


(7  7  7) 


16  — » 


(0111 

0  0  00 


,0  o  1  0 


T 

2 


'J 


0  111  0  111) 

□  BED ED  EOR 

l1  1  1  _0j  ii_  1  I  0 

'  u  T" 

E  E 


J 


Operand  1 
Operand  2 
binary  answer 
hex 


Ans.  =  (2EE)i() 

2.9.3  One's  Complement  Method  for  Subtraction  in  Hex  Numbers  : 

Under  this  section  we  are  going  to  perfonn  subtraction  of  hex  number  using  1C  code  1C  code  ts  used 

to  represent  negative  numbers.  Here  you  may  ask  how  to  find  1C  of  hex  number  l  liavc  described  two 
methods. 

Method  I :  Subtract  the  number,  whose  1C  code  we  want  to  find  out,  from  FF . FFH  Numbers  of 

FFF . digits  depends  upon  numbers  of  digits  of  hex  number 

Say  for  an  example 

Find  1C  code  for  123H 

In  123H  we  have  3  digits 

Therefore  we  have  to  perform  following  operation  : 

F  F  F  05), 0  (15)10  (15)10 


12  3  -> 


0)io  (2)io 


(3) 


10 


(14),o  03),  o  (12)l0 

ill 

E  D  C 
(-  123)16  in  IC  code  is  (EDC)16. 

fpfhnd  Ff :  In  2nd  method  von  have  to  norfnrm  fnllnwino  ct^nc  • 
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(b)  Perform  (73)i6  -  (1C)I6  using  1C  method. 
»o/n.  :  (73), 6  -  (1C)]6  =  (73)I6  +  (-  1C),6 

1C  of  (1C)I6  =>  F  F 


Scanned  by  CamScanner 


n'S*«l 


2—43 


»  =*  P3),  6 

=> 

(vinaiy  m nnitwtig 

0)  io  (3)10 

^  (~,C>U  =>  (E3)16 

+ 

O4)10  0), 

0 

i 

1 - - ' 

21 

1 

II 

LA 

'w' 

10 

|  End  around  carry 

- ^  1 

(C)  Perform  (A65)„  -  (777)H  us.og  1C  method 

(5)10  (7) 

'io  =>  (57)16 

n.  .  (A65)|6  -  (777), 6  =  (A65)..  +  (_  777),, 

C  of  (777), A  ^  FFp 

— > 

05), o 

05), o 

05), o 

7  7  7 

— » 

(7),o 

0),o 

(7)  io 

<*>10 

(8)  io 

<«),0 

1 

i 

1 

8 

8 

8  -*  hex 

(~  777)16inlC  =  (888)16. 

A  6  5  ->  A  6  5  -» 

00), o 

(6),0 

(5)  io 

+  + 

(■7  7  7)  ->  888  — > 

(8)|0 

(8),o 

W,o 

cany  -» 

0 

1 

18-  16  =  (2) 

,o  (14)10 

(H),u 

—  —  —  —  — 

.  -  —  —  — - 

-O),0 

(2),o 

(H), o 

04), o 

i 

1 

1 

2 

E 

E  -» hex 

Ans.  :  =  (2EE)|6 

(d)  Perform  (2C48)16  -  (9AA)16  using 

1C  method. 

Soil).  :  (2C4S),„  -  (9AA)i6  -  (2C48)l6  +  (- 

9AA),6 

Here,  (2C4X)|6  is  four  digit  where  9AA 

is  3  digit,  so  make  (9AA),6,  four  digit  by  inserting  extra  ‘O’, 

therefore  number  is  (09AA),6. 

Here  we  have  to  find  complement  (1C)  of  (09AA)10 

1C  of  (09AA),0  ->  F  F  F  F  -> 

05), o 

05), o 

(U>, o 

05), „ 

0  9  A  A 

(0),o 

W.o 

0»>io 

(15),o 

(6),o 

(5),0 

<5),o 

i 

i 

1 

i 

F 

6 

5 

5  -4  hex 

(-  9AA),6  in  1C  code  *  (F655),6 


Scanned  by  CamScanner 


t-C-4  8) 
1-0  9  a  A) 


2-44 


B.naryAr.thmet.c 


— > 

+ 

2  C  4  8  -> 

(2)  io 

(12), « 

(4)„, 

(k)i» 

— ♦ 

I  ;  6  5  5  -> 

(15)10 

(6),0 

(5)|o 

(5)|o 

Carry 

0 

□ 

\  18 

-16  =  2 

18-16  =  2 

<9>,o 

( 1  -^>10 

I  End  around  r.irrvl _ V 

_ _  — i 

*0) 

- - 

2 

i 

2 

i 

(9),o 

I 

(14),0 

i 

Ans.  =  (229E)|6.  ***  ->  2  2  2 

_perfom^S'P'CS  r  have  dlrec">  worked  on  hex  number  There  is  one  mom  method  The  steps  to  be 

are  as  follows  ?  _ _ 

Conven  hex  to  binary.  (Convert  both  the  given  number). 

St^  in  Fmd  °Ut  1C  °f  negative  number  (i  e.  1C  of  operand  2). 

„  ***  "  °Perand  1  (and  1C  of  operand  2.  Adjust  end  around  carry  ). 

P  •  Now  whatever  the  binary  answer  is  there,  you  convert  it  to  its  equivalent  hex.  This  is  achieved 

— - ~b>'  grouping  four  bits  _ _ _ _ _ i 

For  this  you  can  take  any  previous  example  and  verify  your  answer  by  going  through  this  method. 

2.9.4  Two  s  Complement  Method  for  Subtraction  in  Hex  Number  : 

SCCt*0n  we  are  &°*ng  10  perform  subtraction  of  hex  number  using  2's  complement  (2C) 

code  is  proper  method  for  representing  negative  numbers  To  convert  given  number  in  2C  code 
following  methods  arc  there  : 

Method  1  :  Subtract  the  number,  whose  2C  code  we  want  to  find  out,  from  FFF  FH  Numbers  ol 

■; . ^  digits  depends  upon,  numbers  of  digits  in  hex  number.  After  word  add  '1'  intc 

it.  This  will  give  you  2C  code.  Say  for  an  example,  234H.  This  number  has  3  digits. 

1C  code  for  (234), 6  =  FFF  ->  (IS)I0  (15)10  (15), 


Mo 


2  3  4 


(2) 


to 


(3) 


10 


(4) 


Now  add  T  in  1C  code 


(13) 


10 


10 


(12) 


10 


(13) 


10 


(12) 


10 


(11), 0 

1 


(11), 0 

1  code 


<»>io 

i 

C 


2  C  code  for  (234) 


16 


(13).o  (12)I0 

i  >1 

D  C 

(-  234)16  in  2C  =  (DCC)I6. 

Method  2  :  Perform  following  steps  to  find  2C  code  in  hex  : 

Step  I  :  Convert  hex  number  to  its  equivalent  binary. 

Step  II  :  Complement  binary  number.  This  is  nothing  but  I  s  comDlement 
Step  m  :  Add  T  in  1C  code. 

Step  tv  :  Convert  final  binary  answer  to  its  equivalent  hex  Say  for  an  example,  represen,  (234) 
code  '  ' 


16 
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ArH^rrx«v_ 


P'^41 


0  ,0°01  lo  I  0 


0  1  0  I 


•  1  0  0  1  0  1  i>- 


B irtarv  Arrtftmete 
buvux  number 

1  C  code 


0  0 


l! _ 1  ()  1 1  I  0  0,  |  1  |  o  0|  -»  2C  inbinary 

**  *  ]  - -  ' - -  1  — , ; - J 

**  U  U  group  4  brls 

C  C  -»  2C  in  hex 

Now  wc  arc  going  to  perform  subtraction  in  hex  using  2C  method  We  arc  going  to  solxe  same 
examples  that  we  have  solxcd  in  1C  You  arc  aware  with  the  fact  that  2C  *  1C  +  l  So  in  previous 
examples  we  have  alrc  ids  found  1C  code  So  I  am  simpK  going  to  add  T  and  gel  2C  code 
(a)  Perform  (A)u-t«>](,  using  2C  method 
Soln.  :  (A),,  -  (H)ls  -  <A),*  ♦  (-  R)I(S 

.  .  2(  of  (S)|t  will  gives  (-  8),, 


7),oMl)lo-<8)10=*l-  *>,« 

(A)u  — * 

(10). 

(  *>,*  -* 

tX), 

c.im  l] 

div.ird  cam 

Anv  :  t2) 

( b )  Perform  C')  r  (IO,ft  in  2C  code 
Soln.  :  (77),  (IC)U  O'))*  *  (-  »C),6 

2C  for  (IO,„  -  1C  of  (1C)H  ♦  I 

(F*),*  -  I  -  (“  10„ 

-»  7  3  -»  <7>10 


1H  -  16  2 


<-  I o,6  -♦ 


F  4  -> 


Discard  cam 


.PD 


21  -  16  s  5  O»o 

*  i 

S  7 


(c)  Perform  (Af.5)‘,  -  2C  codc 

2C  for  (7T*)|.  =  ICof(T77)., 

+  1 


8  8  8 

_ L 

8  8  9 


=>  (-  777)iS 
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D:or 


:4ital_ 


Bins 


ry  Arithmetic, 


2-46 


(A65) 


16 


(-  777) 


16 


(A65)ljS 

(U»,o 

(6)|o 

(3),o 

(***),« 

(«).o 

(8),o 

(9),o 

-•Hj] 

Discard  cam- 

18  -  16  =  2 

X 

(1-*)|0 

X 

F 

(14),, 

X 

E 

— * 

hex 

Ans.  :  (2EE)16 

(d)  Perform  (2C48),6  -  (9AA)16. 

Soln.  :  (2C48),6  -  (9AA),6  =  (2C48),6  +  (-  9AA)16 


1  Cof(9AA)16 
1 


F  6  5  5 


1 


2  C  of  (9AA)16 


(2C48)|6 


(2C48) 


F  6  5  6 

(2)jo 


(-9AA),6  -> 


(F656) 


(_9AA)j6 
(12)l0  (4)>° 
(5),o 


'10 
(6)io 


(8)l0 

(6)  io 


^0 


/ 

Discard  cam 


(15), o 

18  -^6  ^2  18^16^2  (9)to  (19)l° 

X  X 

2  9 


X 

2 


X 

E 


Ans.  :  =  (229E)|6 

2.9.5  Multiplication  : 

If  you  directly  multiply  hex  numbers  the  tiling  becomes  bit  complicated.  Therefore  it  will  be  better  if 


one  follows  following  steps  : 


1 


I  Step  I :  Convert  hex  to  binary.  (Multiplier  and  Multiplicand  both)  . 

! Step  II :  Perform  Simple  binary'  multiplication.  For  this  refer  Table  2.6. 

^Stcp  III :  After  performing  multiplication,  whatever  answer  you  get  in  binary,  convert  it  to  cqui\  alenl 
This  you  can  achieve  bv  grouping  4  binary  bits.  Add  extra  zeros  where  required. _ 


Let's  solve  sonic  examples  for  the  same. 

Ex.  SO  :  Multiply  (72)16  and  (39)16. 

•  Soln. : 

Step  I ;  C  onvert  hex  to  binary, 

(72),  (|  =  (0  1  1  1  0  0  1  0)2  -  (1  1  1  0  0  1  0)2 

(39),,  =  (00  1  I  1  0  0  I)2  *-  (1  1  1  0  0  1)2 

Step  II :  Perform  binary  multiplication : 
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“  •« 


•  =42 


•< 


Li.  31  ;  1^/ 

•» 

Soln.  :  ^tcp  I  :  Com  err  lctio  b:ran 

<A2C>  ,=  101  0010  I  I  O&k 

« 

iB42)  -  *]  0  1  1  0  100  00  1  Oi, 


1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

X 

1 

0 

1 

L 

0 

1 

0 

0 

0 

1 

ft_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

I 

0 

1 

0 

0 

0 

1 

0 

1 

l 

0 

0 

X 

X 

X 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

,  0  I  0  0  0  1  0  1  1  0  0  X  X  X  X  X  X  X  X  X 

0000000  OOOOOXXX  XX  xxxxx 
I  0  1  0  0  0  1  0  1  100XXXXXXXXXXX 

J  I  100  IOIOOOOOIIOiOJ  1000  =  (7ZS35S>U 

El  52  :  Pr4 t FA  2ltt  *  (i i  D  H 


Sotn . :  Step  I :  Cornett  kn  to  brain 

FAi-illil  IjiO  OilO).  -till  1 1*  ‘*<lv 

1 1  d  *  (oooi  oooi  i ioi V- =  (iooi)i  i mu 
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f  •  3] 


0 

I 


0 

I 


« 

Q 

I 


I 

ft 

0 

n 

l 


l 

o 

0 

ft 


I 

I 

I 

0 

ft 

ft 

I 


a 

I 

I 

I 

o 

o 

« 


2 


I  I  I 


I 

ft 

I 

I 

I 

ft 

O 


I 

0 

I 

I 

o 

ft 


I 

o 

I 


ft 

I 


I 

I 

I 

0 

0 

I 

Q 

ft 


I 

ft 

I 


ft 

0 

A 


I 

o 


o 

I 


0 

\ 

\ 


»  » 
ft  u 

o  ^ 

3 

O  A 


I 

O 

I 


\ 

N  X 

v. 

\ 


>4 


"i 


A 


'S  ^ 


\ 


A 


'Si 

3s 

X 

H 


10  0  ft 


o 


I  I 


)  I  I  0 


i  I  I 


0  111 


£rws  A '3 


I 


Sfrp  III  C  ■  mrrt  hi (VjfV  »  ?* 

0  ft  0  I  ft  ft  0  I 

I  I 

An*  !  I>»  ’  '  V  1 


2  9  6  Divmon  : 

To  petf  iim  Aus.m  m  to  f'‘-  *  c'  T  *  '  ^  r :  ' 

si rp  I  <  •  ’ftcfl  heA  mmbci  ,  ! ■'•  <  fc'’*1*' 

Step  II  :  Perform  A<*ftrjr  dhitum 
’Step  III :  C  m  rf  lift,?!  i  ' '  f  5f>  '  >  §*;  ‘  '  '  “ 

So  the  Step  I  jnd  Step  III  both  ire  s jsx  .»<  ^  *2  ps^’  .1  cn  rr.  *  ;  •  * 
taught  la  >  on 

Sow  we  .irv  gotnje  to  s?hc  «em<  examples  which  wt!l  erne* K vn  **5tr.n  riFtricm 

multiplication  ind  diuuotL  Fhft  »<  far \ cur  prKt’vC 


ft  t  >  S~-  - - A 

*  1 


1 

^  V 


n  '5  fe: 


*  Examples 

i .  .,  ■  i  ..  .  .1..  ■ '  —ft 

Ex.  53:  Convert  foi?ow»rg  decimal  nurrfcers  rto  binary  rumt-e**  : 

(i)  -  128,  <m)  257 

Soln.  :  We  have  one  positive  nnd  negative  number  For  negative  number  we  have  to  present  m 
magnitude.  I's  complement  and  2's  complement  method 
U)  -  128.  First  find  out  -*-128,  use  double  dabble  method 
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' - ►  1  MSB 


(a)  SM  representation :  We  will  use  12  bits 

(1  0  0  0  1  0  0  0  0  0  0)2 
T 

sign  bit 

(b)  1  's  complement : 

(0000  1  000  0  0  0  0)2  ->  (+  1 28), 0 
(11110  111  1  1  1  1)2  ->  (-  128), 0  in  1C 

(c)  2's  complement 

l's  complement  — >  11110  111  0  111 

+  + 


1 _ _ L_ 

2's  complement  U  "  >  '  0  0  «  00  "  °> 

(-  128),0  in  2C  =  (1111  1000  0000)2 


(ii)  1101  x  1001. 
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Soln  *  n\ 

2-50 

.  (i) 

4 

A  5 

—> 

(5),o 

2  C 

-4 

<2>,o 

m 

(12),„ 

a 

17  -  16  =  1 

1 

'■  An*.  :-(D|)|rt 

D 

1 

(ii) 

1 

1 

0  i 

X  1 

0 

0  1  _ 

1 

1 

0  l 

0  0 

0 

0  x 

0 

0  0 

0 

X  x 

1 

1 

0  I 

X 

X  x 

1 

Ans.  *  (I  |  loioi),. 

1 

1  0 

1 

0  1 

Ex.  55  :  Determine  2’s  complement  of  (i)  8FH,  (ii)  FFH 
Sol n. :  (i) 

1  's  complement  ->  F 

F 

->  (15), 0 

05),n 

8 

F 

<*>,o 

(l^).o 

(7),0 

<°).o 

<7")„ 

l's  complement 

— ) 

7  0 

+  1 

4- 

1 

•••  (- 

XFH)  =  (71  H),(. 

2's  complement 

7  1 

00 

1  's  complement  -* 

FFH 

- 

FFH 

0  0 

1  ’s  complement 

-» 

0  0 

+ 

4- 

1 

1 

••  (-  FFH)  =  (OIH), . 

2's  complement 

0  1 

2C  ->  2's  complement, 

Scanned  by  CamScanner 

- 

2  51 


C  ii  Ui 

Ex.  5S 


Soln. 


» >t  i  u«>v  >m4l  pqUi\a|pn(  0f  following  in  signed  magnitude  form 

(0  80M  prtFFH 


Binary  Arithmetic 


(»>  SDH  *  | 


(SDH). 
(»)  FFH 


t°  0  0  1  1  0 _ 1 

T  Magnitude  -  (l3)10 

sign 

1  *  negative 
M-  H) 


t  x  2’  4  I  X  2J  +  0  x  2'  +  1  x  2" 


1 

T 

sign 

negative 


1 


1  1  I 

Magnitude 


_u 


Magnitude  =  1  x  27  -  1  x  26  +  1  x  2s  +  l  x  24  +  l  x  2'  +  1  x  2:  +  1  x  21  +  1  x  2° 
=  64  +  32  «■  16  +  8  +  4  +  2+1 
*  127 

Decimal  number  is  i-  127),  0. 


Ex.  57  :  Perform  FA9  -  1FC 

Soln.  : 


_ 

borrow 

(16), o  | 

(2S),0 

06),  o 

|  (2^10 

F  A  9  -+ 

* 

(•% 

(10)10J 

<9>,0 

Operand  l 

1  F  D  -+ 

(1)|0 

(2),o 

os),,-! 

Of’),, 

(1 3),o 

->  Operand  2 

(1)|0  _ 

<'V_ 

— 

-*  Cam 

15-2  = 

03), o 

26  -  16 

■  ( 0*), 0 

25 -13- (12), 0 

i  i  i 

D  AC 


Ans.  =  (DAC)!o. 


Ex.  58:  Divide  (111011 10)2  by  (1001)2 

Soln. : 

10  0  1)1110  11 

1  0  0  1  i  I 

10  11 

1  0  0  1  11  1 

0  0  1  0  1  1  I 

10  0  1 _ i 

0  0  10  0 

Quotient  =  ( 1 1 0 1 0)  ->  (26) ,  0 
Remainder  =  (100)2  (4)10. 
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M 


I  'iyrt*l 

E*.  69  ;  ( 

floln. ; 


J  ft'2 


»rty  out  ♦  (12ft),  (!/«),»(?  ), 


1 1 

1  h 

1 

0 _ 

i  .  — *** 

i ) 

' J  H 

-  J 

K  8-0 

i 

l 

i 

1 

1 

2 

(710), 

►  (121),  -  (1 10 1) 

K 

(X).o 

t8) 

(»).0 

(»),o 

(1 1 )  |  o 

1 

j 

0 

0)_ 

— ♦ 

0 

1  ^ 

1  7  H 

(> 

-  > 

( ^  )|0 

12), o 

(»),0 

r>iJ 

[ '] 

_____ . J*L 

-> 

1  1  0  9- 2 

-7  8  - 

8-0  11 

6  13  5 

■i 

i 

4 

i 

0 

7 

0 

5 

6 

5 

botrow 
operand  1 
operand  2 

carry 


Ann.  (0705)k  -  (70.1)K. 


.  60  :  Carry  out  the  following  arithmetic  operation  and  represent  result  in  same  format 
(i)  (621  )a  -  (217)8,  (ii)  (F4D2)1fl  -  (91FA)„ 


In. :  (i) 


(X) 


10 


(9) 


10 


borrow 


operand  1 


An*. 


4 

i 

4 

(402),. 


0J 


2-2=0 

I 

0 


(2) 


10 


9-7  =  2 

1 

2 


operand  2 


cam 


Scanned  by  CamScanner 


06),, 

F4  D  2 

OS).. 

<2^)ao 

9  i  Fa 

O5)J0~l 

(10) 

B  J 


'u>  4  -  2  =  2  29  -  16-03)n  18  -  10  =  ,», 

A  i  1 


Ans.  =  (62D8). 


Ex.  61  :  Using  2  s  complement  perform  following  : 

(i)  (42)10  -  (68)10.  (m)  (25)10  -  (16)10. 
Soln. :  (i)  (42)]0  =  (101010), 

=  ((H)  10  1010), 

I  S  complement  of  (68).  , 

+  _ _ J _ 

2's  complement  of  (68), . 


(t>8)10  =  1000100 

=  (010001004, 

->  10  11  10  11 

*  _ 1_ 

1011  1100 


twtrc'u 


(-  68}  in  1C 


(-  68). 


0  0 

1  0 


0  1  1 

0  0  0 


10  10 
1  1  0 

0  1  1 


i—  26V . 


ns  1  -  no.  is  negative 
Ans.  is  in  2's  complement  form 
1110 
i  i 

0  0  0  1 


complement. 


=*  («-  26)  . 


(25), 0  =  (U001)2 
l's  complement  of  (!6)10 

_ 1 _ 

2's  complement  of  (16)10 


(16)10  -  (10000); 

0  1111 

_ 1_ 

1  0  0  0  0 


t-  16)  V 
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t  , 


’>  . 


•(‘>r 


■ 


I 


or- 


;c 


0 

0 


4 

0 


1 

ft 


“U 


42  «  ffAywf  g 

HOI  01  r  100  1 

Boln,  *  f», 


(<■ 


'■  1111'' 


0 

0 


I 

0 


o 

I 


0 

I 


0 

0 

0 

J 

J 


I 

0 

0 

I 


I 

0 

0 

' 


(j 


1 

• 

0 

X 


0  1 

X 

X  x 
X  x 


(n, 


I  0  I  0  ,  1  II  I  I  0  1  0  M  10  0! 


10  10 


10  11'  * 
"  1  0  1  0 


I  I  I 

I  •  t 

#  •  • 


00010  10 
10  10 


0  0  0  0 


O'Ufticnt  (IIO(>lj.  P  emajndcr  0 


Ex.  63  :  SubO*'.i  f723/a  and  (237/ft 

So/n.  : 


ra 

4 

I 

4 

Afi».  c  (464), 


(3)n 


n 


2 

3 

0 


(10) 


(*)  , 
3 


(»)l3 


(4) 


10 


borrow 
operand  1 
operand! 
canv 


10-4  =  6 

i 

6 


11-7  =  4 

l 

4 
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2-55 


Binary  Arithmetic 


=>  (1876) 


16 


(b)  Using  2’s  complement  method,  perform  : 

(i)  (99)10  -(156)10 

(ii) (3128)J0  -(5692)10. 

Soln.  : 

(0  (99),0  =  (1100011),  =  (01100011), 

(156),0  =  (01001 1100), 

l’s  complement  of  (156)l0  oiloooil 

+ _ 1  + 


2's  complement  of  (156) 

0  0  l 


io  0  110  0  10  0 

I  0  0  0  1  1 


10  11 

a  m 

1110 


0 


0 


1 


0 


0 


(-  156) 


io 


(99) 


to 


(~  1S6)W 


0 


(-  57) 


io 


This  shows  answer  is  negative  and  in  2's  complement  form. 

*’•  2's  complement  of  (1 1 100011 1),  =  (001 1 1001),  =  (57), 0 

00  (3128)|0  =  (1 100001 11000)2 
(5692)]0=  (101 10001 1 1 100)2 
2's  complement  of  (5692)10  =  01001 1 1000100 

(3128)J0  =  0  1  1  0  0  0  0  1  1  1  0  0  0 

+ 

(- 5692)l0  =  0  1  0  0  1  l  1000100 

>010  111111100  =*(*-2564)10 

T 

This  indicates  answer  is  in  2’s  complement  form. 


cany  — — ~ 
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•  ♦ 


(-*-  2564)10  =  (0101000000100);. 


Ex.  65  :  laj  Perform  following  : 

(.)  (E38)ie  -  (7AE)ie  =  Hi*  (■)  ^5531  >g  " 

So!n. : 


<  16), 0 


E  3  8  ->  (14,i 

0 

0),o 

_ 

7  A  E  ->  (7>.o 

(10)„ 

(6)io 

qJ 

1 

s 

14  -  8  =  (6),0  19-11 

i 


Ans.  =  (68A)I6  . 

(ii) 


6 


5 


5 


•» 


3 


6 
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Digital 

(ii) 


2-57 


Binary  Arithmetic^ 


<54>,o 
03),  0 
(l«)|0 


(P)u 


(c)  Express  the  following  numbers  to  sign  magnitude.  1's  and  2‘s  complement  lorm  * 


(i)  -  67,  (ii)  -  102 

Soln.  :  (i)  (+  67)10  =  (100001 1  )2,  (102)lo  =  (1100110) 

In  sign  magnitude  (-  67)In  =1  1  0  0  0  0  11. 

T  1 - 


sign  bit  ..  .  . 

(Negative)  Ma»utudc 

(-102),0  =  1  1  1  0  0  1  1  0 

T  1 - 


b^t*1  Magnitude 


(ii)  In  1C  code 

(-  67)  10  -  (1011  1100)2 
(-  102)10  =  (1001  1001), 

(iii)  In  2C  code 

(-  67)I0  =  10  11110  0  (-  l°2)io 

+  1 


(10  11110  1  )2 


l  0  0  1  1  0  0  1 

+ _ _  1 

(10  0  1  10  1  0). 


Ex.  66  :  (a)  After*  converting  to  binary,  perform  the  following  subtraction  by  using  2's  complement  and 
give  the  answer  in  hexadecimal  form  : 


(i)  (ABC)16  -  (476)s 

(i<)  (31)io  _  (^2)g 

Soln.  :  (i)  (ABC)16  =  (1010  1011  1100)2 
(476),  =  (0001  0111  1110): 

l'C  of  (476),,  -4 

+  1 _  + 


111011000001 


1 


2'C  of  (476), 


(1  1  1  0  1  1  0  0  0  0  1  0)2 


->  (-  476\ 


(ABC) 


16 


0  1  o  1  o 


1  1  l  o  0 


(-  476) 


0  0  0  \  0 


(97E 
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Oi)  <3 1  )UI  =  111111), 

(52).  =  ( 101010), 

I'C  of  (52), 

+  _  1 


— * 


2'C  of  (52  V 


0  M)  I  0  1 
1 


0  10  1  10  =->(-52)y 

"  0  i  i  i  i  i  _> 


0  •  I)  1  10 

0  0  0  E 


1  1  1 
•••  o  0  0  10  1  1 

1  I  1  o  1  0  1  =>  (_  0  B  H). 


0  1  0 


(-  52), 

Take  2'c  complement 
2C  of  tlte  answer  =>  (OBH) 


(b)  After  converting  to  binary  perform  following  subtraction  using  2  s  complement  form  (356) 
-(62)10 


to 


Soln.  : 


2 

2 

2 

2 

2 

2 

2 

2 


356 


Quo.  Rem. 
178  () 


->  LSB 


89 


44 


22 


11 


1 


T 


o 

1 

0 

0 

I 

1 

0 

-1 


2 

2 

2 

2 


15 


62 

Quo  Rem. 

31  0 

1 
1 
1 
1 

—1 


i.sn 

t 


3 


1 


MSB 


MSB 


(356),0  =  (000 1  0110  01(H)), 

Added  zeroes  to  make  12  bit 
1  C  of  (62), 0 

+ 

l 


(62),0  =  (llll.D), 

=  (000'  5011  1110), 
Mil  11  0  0  0  0  0  1 


1 


2  C  of (62) 


Mil  1  1  0  0  0  0  1  0 


(356).; 


10 


0  0  0  1  0  1  1  0  0  1  0  0 
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Digrtal 

Ex.  67  .  c  , 

’  Ferfor™  following 

(')  (36),  x  (22)a 
(,l>  (43)8  x  (I2)g 

,36)»  =  (0I1  110),  =  (llll0) 

122), -(010  010),  =  (10010)' 


2-59 


(>v)  <DA),a  _  (AF)tB 

(v)(AC),6-(8F)16 
Ml  (8F),6-,ca)i6 


cam 


E _ 0  0 


i) 

1 

0 


L.°_ _ £ 

i 


0, 


=>  (1034), 

(ii)  (4i)x  =  (KK)  oi  I), 

(12),  =  (001  010)2  =(1010). 


0 


0 

0 

0 


1 

0 

0 


0 

0 

0 

0 


0 

0 

0 

1 


0 

0 

0 

1 


I, 


L°. 


1 

- J  l_  _ 

«  3 

(III)  (63),  =(110  oil), 

(21),  -  (010  001),  =  (10001), 

1 

X 


0 


0 

0 

0 


0 

0 

0 

0 


1 

0 

0 

0 


I 

0 

0 

0 

1 


ra  ra 


L  ii 

f 


0 

"< 


1. 


0 


0 

0 

1 


0 

0 


0 

1 

0 

X 


lL 


0 

0 

0 


i 

T, 


1 

_0_ 

0 

1 

0 

0 

X 


1 

0 

1 

X 

X 


Binary_A nth  met  i c 


1 

0 


0 

1 

0 

X 

X 


LL_ 


_1_ 

0 

0 

X 

X 

X 

0 

T 

4 


0 

X 

X 

X 


0. 

...  4 


0 

_0_ 

0 

0 

0 

0 

X 


0 

0 

0 

0 

0 

X 

X 


1 

0 

1 

0 

X 

X 

X 


1 

X 

X 

X 

X 


0 


T 


0 

L._. 


u 


0 

0 


0 

X 

X 

X 

X 


r.36), 


r*  (1543) 
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(rv  > 


:-*o 


A»nhm#tn« 


D  A 

-* 

iloi 

A  F 

— * 

(10)  "1 

J¥  1 

(15V 

TbT~ 

(III 

(l)..J 

't  $ 

'  iVm:~ 

r~TTX'*iL- —  - 

26  - 

t<> 


10 


IV) 


B 


•  CD) 


(vi) 


(lt>) 

A 

C  -4 

1 10) 

*12) 

H 

F  -4 

(8). 

(1)  J 

0» 

m  -  9  * 

1 

i 

<2* 

1 

C 

A  — » 

8 

F  -» 

<?k_ 

(15) 

~| 


(2*> 


u«  -  15)  ilM 


ODM) 


An*.  »  (-  IB), .. 


II 


OH) 


E*.  68  :  Perform  binary  subtract 


on 


So  In. : 


(I)  Will  -  11100 


J'C  of  (11 100 ), 

1 


2'C  OF  (II 100), 

10  111 
0  0  10  0 

_ 0 


usinfl  2  s  co^P'ement  representation  of 


(00011), 

I 


negative  number 


(00100), 


/.  o  0  1  0  I  ->  (5) 


110  11  -> 


10 


Ans.  is  in  2’s  complement  form  (-  5) 


10 


69  ;  Perform  following 
(0  (71  2>8  ♦  (33.7)8 
(n)  (AB2. D)ig  ♦  (74  A)16 
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J 


3 

t 


3 

It 


ow 


0 

t 

0 


L 

t 

°'( L ) 


l 

t 

(l) 


\T  " 

i 

0l(l)~ 

fl,(0 

HK) 

)  ol(u) 

01  (l) 

* 

0,(u) 

0l(ll) 

0,(8) 

«= 

j, 

ol(oi) 

0,(9) 

°'(n) 

0,(Z) 

0,(Ol) 

<= 

;  01  (91) 

0l(9l) 

01(9l) 

t 

i 

®(fr9£9S)«= 

t 

9 

£ 

9 

i 

(l) 

i 

%  • 

1 

0 

P 

£ 

f 

1 

p 

l 

L 

Z 

(8) 

(8) 

10  0  0 

l  l  10 

0  I 

0  0  0 

31008 
V9  D  Z  V 


(■V) 


J 

ITT 

i 

L 


(w) 


9\llz  a) 


0  0  IB 

□ 

ll  0  0 

- 

1  I  0  I 

- 

0  1  0  I 

(?!) 

I  0  I  l  0  I 

(?) 

:  *u|os 

’9lUvesz) 

-9l(Z  dZd)  (a) 

9l(9Z  888)  ~  91 

(V9  02V)  (A!) 

Ven)- 

-  B(PZ LZL)  (!!!) 

(OUO  i.  1-00) -(mo  01-01.)  (!!) 

uoi.  -  tot  tot.  (!) 

:  6u|mo||o;  :  OZ  "Xg 

L 

L 

Z 

8 

T 

T 

T 

T 

°\L)  =  91  -  £Z 

0l(z) 

0l(Z)  =  91  -81 

0l(n) 

ol(oi) 

0 

0 

<— 

0l(t) 

°Hl) 

V  '  p  L 

°'(ei) 

ol(2) 

0,(u) 

o 

v 

o 

T 

+ 

a  z  a  v 

®(I  S21)  =  say  v 

l 

S 

z 

(n) 

I 

T  * 

T 

i  = 

8-6 

T 

T 

A 


0 


3U9UJMVJV  Ajeuig 


19-2 


(?) :  ‘U|og 

I®wBVq' 
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(F  2  F  •  7>,e 
0  5  3  ■  A  1)„ 


05),  „ 

(2),„ 

05), o 

<% 

(0),o 

<2>,0 

<5>,o 

(3)io 

0°),o 

H)io 

7 

13 

11 

12 

15 

(7 

D 

B 

C 

2.10  BCD  Arithmetic : 


means 


lmT-Treprefrnllfd?nhfnTna?di "io^,*blrac,ion  operation  in  BCD  codes  You  are  aware  that  BCD 
to  (1 11 1)2  are  invalid  as  far  as  BCd"™  >2 '°  <l0°1)2'  ThC“  C°dCS  arC  Valld  TlK  codcs  from  0«IO), 

2.10.1  Addition: 


is  concern. 


For  adding  two  binary  coded  decimal  numbers,  we  are  going  to  follow  the  same  rule  i  e  binary 
a  tion  (Table  2.1).  Under  this  we  are  going  to  study  important  3  cases.  Presently  to  understand  concept 
1  am  using  single  digit.  But  the  same  rule  is  valid  for  multi-digit  BCD  code  or  packed  BCD 
Case  - 1 :  Add  (3)10  and  (4)]0  BCD 


+ 


'10 


+ 


W.o 

-> 

(0  1  0  0)2 

(3)10 

-» 

(0  0  1  1)2 

0 

1°  1  1  ‘l 

cany  is 

•o* 

magnitude  of  the  bits  i 

,  and  (6)10. 

(7),0 

— > 

(0  1  1  1)2 

(6),0 

(0  1  1  0)2 

0 

lLULIi 

cany  is 

'O' 

But  magnitude  is  >  9  i.e.  this  answer  is  not  having  Valid  BCD  code 
Actually,  (7)10  +  (6)]0  =  (13)]0  and  in  BCD, 

(K), os  (0  0  0,1  OJUJJbcd 

1  3 

Here  to  achieve  BCD  answer  we  liave  to  add  (6),0  or  (01 10)2  to  the  answer. 

110  1 

+ 

Olio 

0 


tlLLii 

3 


1 
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Here  you  may  ask  question.  why  'ONLY'  6  is  added  whv  not  am  ether  nunJber  Tte  answer  is  very 
simple,  if  you  start  counting  binary  code  i  e  ( 1010)  to  1 1 1 1 1)2  i  c  the  codes  which  are  invalid  you  wvu 

find  those  arc  ’6*.  Let's  see  the  codes.  1010,  101 1,  1 100,  1101,  1 1 10.  1 1 1 1.  all  6  are  invalid  So  to  SUP 
jtiese  states  we  add  6 _ _ _ _ _ _ _ — 

Conclusion  :  If  we  add  two  BCD  numbers  and  if  the  answer  is  Invalid  BCD  code  (t  e  >  9i  s.":  p.y 

add  6  to  it 

Case  Ill :  Add  (9j,f>and  (8)I0 

(9)I0  -*  (10  0  1), 


^)io 

(I7)l0 


(1  0  0  0). 
_ C- 


,000  1  J 

l _ * 


t 

carry  is  T  valid  BCD  code 

Actually  we  should  get  ((XHX)l  0111 1  But  the  <*bove  answer  shaws  us 
1  (XKH  i  c.  (1 1),0  which  is  wrong 


T 


cam 

Secondly,  answer  is  also  not  having  invalid  BCD  But  as  here  cam  is  generated  Cam  -  1  add 
nto  it. 

1  0  0  0  1 

+  oiio  =>  <n 

10  111 


inal  Conclusion  : _ _ _ _ _ 

Studying  case  l/IJ/III  finally  we  conclude  that  if  answer  contains  invalid  BCD  code  n  c  -.bcr 
))]0)  OR  cam  is  generated,  you  add  (6)i0  or  (0110);.  Don’t  add  (6).,  if  number  is  <  9  OR  c  m  r*-t 


Scanned  by  CamScanner 


Digital 


2-64 


As  invalid  BCD  is  in  least  significant  digit  add  '6'  only  to 
0  1 

+ 


Binary  Arithmetic 


1 


0 


y  to  that  digit  only. 
1110 


(iii)  Add  (82)I0  and  (34) 


10 


(82),o 

-> 

10  0  0 

0  0  10 

+ 

(34)10 

-4 

0  0  11 

0  10  0 

(116) 


10 


L 


10  11 


Invalid  BCD 
(MSD) 

As  MSD  has  invalid  BCD  code  add  '6'  only  to  MSD. 


1 


0 


1 


1 


0 


0  1  1  0 


Valid  BCD 
(LSD) 


1  1 


Ans.  =  (74) 


10 


0  1 

0  0 


0 


0  £ 


0 


b  i! 


i 

i  i 

(iv)  Add  (88)10  and  (77), 0 

(88),  0  — > 


0 


1  1 


i 

6 

0  0 


(116), 0  =  Answer 


0 


0 


(77) 


10 


0 


(165) 


10 


0 


h  L 


MSD 


LSD 


Here  MSD 


and  LSD  both  contains  invalid  BCD,  therefore  add  6  to  BOTH  THE  DIGITS. 


Ill* 
0  o  1  1 


Q  m  0  0  SB 


0  l! 


1 


1 


i  Li 


o 


i 

i  6 

(v)  Convert  to  BCD  and  add  (1  l)io  +  ^  W 


i 

5 


1 

0 


h 


An*.  ■  (165), 0 
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(5337) 


(7538) 


10 


10 


0  1  0 


1  10  0  110 


1  1  1 


12875 


m  n  r-L  1  °  *  0  i  o  o  i  i  i  o  o  o 

0  E  n  m  q  0 


i_L 


on,  i 


0  0  0  0  1  1  o  ,1  1  1  1, 

Invalid  BCD  codes,  add  6  to  it  individually  -»  ~~J 

1  10010  0  0  0  110  1  111 


0  110 
0 


0  110 

0  0  0 


0  i°  0  i  0,  |I  0 


-0 _ Oj  |0  1  1  \}  (0  1  0  lj 


]2  8  7 
...  Ans.  =  (12875)10  =  (1  0010  1000  0111  0101)BCD. 


i 

5 


If 

L 


2.10.2  BCD  Subtraction : 

nine's  complement  of  Y3  Y2  Y,  Y0  is  Z3  Z2  Z,  Z0. 

Then  add  Z3  Z2  Z,  Z0  with  X3  X2  X,  X0 

Aim  ->  X3  X2  X,  Xo  -  Y3  Y2  Y,  Y0 

X  x  X,  Xo  +  (9's  complement  of  Y3  Y2  Y,  Y0) 

*  X3  x2  X,Xo  +  Z3  z2  z,z0 

How  to  find  »'»  complement  of  ^ 

TO  find  9t  complement  of  given  "umbers  we  have  wo 

_  ■!  i.  J. '  mc"  ""  '  111 
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lethod  I :  Subtract  given  number  from  (9)10,  you  will  get  9's  complement.  Let's  say  we  want  to  lind 
9C  of  Yj  Y2  Y,  Y0  then  operation  to  be  performed  is 

O0()l)2-  (Y,  Y2  Y ,  Y0)  =  Z3  Z2  Z,  Z0 
Let's  say  Y3  Y2  Y,  Y0  =  (001 1)2  =  (3)10 
then  1  n  n  i  t9i.. 


0  1  1  0 
•••  (6)10  or  (01 10)2  is  9C  of  (001 1),  or  (3)10. 

Method  II : 

step  I  :  Find  one's  complement  of  given  number. 

step  II  :  Add  (10), 0  or  ( 10 10)2  to  one's  complement  number. 

Find  9's  complement  of  (001 1)2  or  (3),0. 

Step  1  :  Find  one's  complement  of  (3)10 
i.e.  0  011 

i  1  i  1  complement 

(l  1  0  0  )2 

Step  II  :  Add  (10), 0  or  (1010)2  to  one's  complemented  code 


_  ignore  cany  9's  complement  of  (3),0  i.e.  (0),0  or  (0 1 10), 


Note  :  Normally  2nd  method  is  preferred  as  it  is  very  easy  to  implement  in  digital  hardware _ 


Rules  for  BCD  Subtraction  :  \ 

(1)  (a)  First  find  out  9's  complement  of  subtrahend.  \ 

(b)  Add  minuend  and  9's  complement  of  subtrahend.  \ 

(c)  If  the  sum  of  the  numbers  is  an  invalid  BCD  OR  if  a  cam  is  generated  from  MSB,  we  have! 
to  add  (6)10  or  (01 10)2.  After  adding  (01 1)2  if  carry  is  generated  it  has  to  be  added  to  sum,) 

therefore  cany  is  called  end  around  carry  The  result  we  arc  going  to  get  will  be  positive 
and  is  in  its  true  form. 

(2)  (a)  First  find  out  9's  complement  of  subtrahend. 

(b)  Add  minuend  and  9's  complemented  number. 

(0  If  the  sum  of  two  numbers,  is  valid  BCD.  the  result  is  negative  and  in  its  nine' 
complement. 
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2-67 


{)  s  complement  of  (3) 


10 


=  W.0-(3) 


Binaiy  Arithmetic 


10 


(2)  Add  imnucitd  and  9': 


cam 


(*).o 

3),0 


=  <6)io  =  (01 10), 

s  complemented  number 


(5) 


10 


(end  around  carry) 


— » 


1  0  ()  0 
Olio 


1110 
+  0  110 

?  BB 


0  I  o  o 


invalid  BCD 

->  •••  add  l6)10or(OllO), 


0  10  1  -»(5)t0 

•  •  As  earn  generated  answ  er  is  in  true  fonn 

(ii)  Perform  (3)10-(8)|0 

S°ln. :  (1)  9‘s  complement  of  (8)10  =  (9)IO-(8)10 

=  (!),„  =  (0001), 

(2)  Add  minuend  and  9's  complemented  number 

1 


o 

0 

0 


(3>,o 

(-5) 


0 


10 


0 

T 


0 

0 

0 

I 


I 

1 

0 


->  (  5), 


cam 

As  earn  is  not  generated,  answer  is  in  9's  complement  therefore  to  achieve  the  answer  m  true  fonn. 


subtract  answer  from  (9)10or  (1001),. 

(9),o  1 

0 

0 

1 

(4)l0  ->0100 

0  _ 

0  1  0  1  "*  5>.a 

(4)lf>  or  (0100).  is  9’s  complement  of  (5),0. 

(iii)  Perform  (K3)l0  -  (2 1)I0. 

Soln. :  (1)  Find  9's  complement  of  (2t)I0 

9's  complement  of  (21)10  =  (99)10  -  (21)1(J 

1  0  0  1  I  0  0  1 

0  0 

0  1 

—ft*. *mt~r  — ■■ 
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0 


0 


0 


0 


0 


0 


♦  l7*ViBCD> 


Digital 
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P,imi *y  A(iO,rr>*V 


(2)  Add  minuend  and  9's  complemented  number 


<M>,0 

-f 

1  0  0  0 

0  0  1  1 

.  (-2%  -4 

0  1  1 

1 

1  0  0  0 

( ¥  02),0 

1  1  1 

1 

1  0  1  1 

p  invalid  IK  f> 

0  I  1 

1  0 

0  II  0 

P  M\t\  0 

carry  -*  j"jj 

0  1  | 

1  0 

0  0  0  1 

i  — . 

- - 

* —  . —  — 

t 

0  1  1 

1  0 

0  0  1  0 

>  (02 )  IK  U 

(tv)  Perform  (2 1  ),0  -  (K3),„ 

Soln.  :  (1)  Find  9's  complement  of  (K3)., 

-  (W)„,  -  «i)„  -  rif.)„ 

=  (0001 

01 10)br 

:v 

(a)  Add  both  the  numbers 

(21)J0  —* 

0 

0 

1  <1 

0 

0  o 

+ 

(-83)10  -* 

0 

0 

0  1 

0 

1  ! 

cam'  [o] 

0 

(1 

T  i 

0 

1  1 

As  cam  is  not  generated  answer  is  negative  and  in  its  9's  complement  form 
(WHO HI)  -  (37), 0 
(W)l0  -  07), #  -  (62)l0  -  (01 10  OOIO),0 
07),  is  9’s  complement  of  (02) 

2.11  XS-3  Arithmetic  : 


The  steps  involved  In  XS  -  3  additions  arc  as  follows  : 

(i)  Convert  given  number  to  equivalent  XS  -  *  format 
(it)  Now  add  both.  XS-3  numbers 

(in)  After  adding  if  cam  is  generated  add  O)  or  OiOl  I )  to  the  sum  of  two  digit* 
If  cam  not  generated  subtract  (3)  or  (001  1 ),  from  sum  of  two  digits 
(rv)  Subtraction  of  0);o  is  equivalent  to  adding  (P),..  or  fl  10lj^ 

Let’s  see  some  examples 

(i)  Add  O),0  and  (5)IC  in  XS  -  3 


(3)n  in  XS  -  3  is  (OllO^  (or(6),0 

) 

in  XS  -  3  is  (100),  (or(8),,J 

O),o 

-» 

Olio 

+ 

(% 

— » 

10  0  0 

<*>,o 

fol  lllo 

T 

Cam  *  0.  /. 

subtract  (3),ft  fmm  the  sum 
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! 


r  \ 


I'D  •»'/  /  fill 


IKIKHV 


1  1 

(«)  Add  (8)l0  and  (4)... 

Soln. :  (8) 


(K) 


ID 


111 


-| 

xs 


10  in  2's  complement  form  ] 


no  m  XS-3 
(4),o  in  XS-3 
Add  both. 


(1011)2 

(0111), 


liltin'/  AfrthMwM,. 


'/ 


I 

0 


I) 

I 


I 

I 


(8).o 

ilk 

O2)10 


cam 


0  0  11 


(iii)  Add  (38)]0and  (44)1Q- 

Soln. : 


1 

0 

i 

1 

0 

I 

l 

1 

_|>L 

0 

_a 

0 

0 

i 

()  As  carry  IflddfOOII) 

0 

0 

i 

_J 

iL_ 

l 

0 

_ Jj  XS  3  code  lor  1  and  ? 

2  >  (I2),()  in  XS  1 


C3S).0 

a. 

MSD 

LSD 

— > 

'0  1  1  o' 

TTTT 

-i 

00 

K> 

o 

-» 

— > 

0. 

0  1  1  | 

□  □  □  Q*n, 

0 1 1 1 

□□□ 

Here  MSD 

iiio  [c  -  li 

0  0  1  0 

As  LSD  providei 

cam,  add 
(3))0  or  (0011) 

doesn't 
give  cany 

4- 

110  1 

0  0  1  l 

.-.  subtract 

ignore 

-111 

(1  0  1  1)2 

(0  1  o  1)2 

toil 

0  10  1 

=>  (82)10  in  XS-3 

2.12  XS-3  Subtraction : 


k 


The  steps  involved  in  XS-3  subtraction  arc  as  follows : 

(i)  Convert  given  number  to  its  equivalent  XS-3  format 

(ii)  Complement  the  subtrahend  (find  1 C  of  subtrahend). 

(iii)  Add  1C  of  subtrahend  and  minuend. 

(iv)  If  end  around  cany  is  generated 

(a)  Result  is  positive 

(b)  Add  cany  also. _ _ _ _  ^ 
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<c>  'f  cany  i^tedftom  digilldd  (3),„  else  add  (13), 
else  (a)  Result  is  negative 

(b)  You  can  add  carry  also. 

(c)  If  carry'  generated  from  digit,  add  (3)10  else  add  (3)]0. 

(d)  Takcl 's  complement  ( 1 C)  of  the  result. 


Let  s  see  some  examples. 

(i)  Perform  (8)10-(3)|0  in  XS-3. 
Sol". :  (8),0  ->(iot  I), 

(3)10  ~>(0  11  0)2 

I's  complement  of  (3)10  =  (10()1)2 

Add  (8)10 

+ 

(~  3)I0  — ) 


carry 


0 


1 

0 

1 

1 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

*-l 

0 

1 

0 

1 

0 

0 

l 

1 

0 

0 

0 

1 

0 

0 

0 

Add  (3) 


10 


(5)10  in  XS-3 


(ii)  Perform  (3)]0  -  (8),0 
Soln.  ;  (3)|0  —  (8)]0  -  (3)]0  +  (—  8)]0 
(3)10  — >  (01 10)  in  XS-3 
(8),0  — >  (101 1)  in  XS-3 
l's  complement  of  (8)10  -» (0100)  XS-3 

Add 


W.- 


(3)io 

-> 

0 

1 

1 

0 

4 

M),o 

— } 

0 

1 

0 

0 

0 

(~  5)I0 

0 

1 

0 

no  cany 

y'  I 

1 

0 

1 

0 

+ 

1 

1 

0 

1 

ignore  cany- 

— -0 

.0 

1 

1 

1 

/  X 

i 

i 

i 

(-  5)10  in 

XS-3  ^ 

1 

0 

0 

0 

(1C  form) 

■  i. 

L-- 

■  - 

'V  «• 

■  '  ■  '  . 

ll  -  V*  ' 

f 

now  take  l's  complement 


=>  (5),0  in  XS-3 
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(.»)  Perform  (53), „  -  (28,lo  in  xs_3 
( ^  ' )  i  o  =  1000  0110  — >  XS-3 

(25)]0  =  0101  lOll-^xS-3 

1  C  of  ^28)in  =  1010  0100 


2-71 


_Binary  Arithm^ir 


(53) 


10 


(-  28), o 
(25)10 


end  around 


ignore  cany 


ivlSD 


LSD 


-» 

l 

0 

0 

0 

0 

1 

1 

0 

— > 

1 

0 

1 

0 

0 

1 

0 

0 

0  ' 

0 

0 

0 

1 

0 

1 

0 

1 

0 

— > 

1 

0 

0 

1 

0 

1 

0 

1 

1 

+ 

0 

0 

1 

1 

1 

1 

0 

1 

-"0 

0 

1 

0 

1 

1 

() 

0 

0 

To  MSD  add  (3)h( 

To  LSD  add  M3) 

=*  XS-3  for  (25). 


Exercise 


1  Perform  addition  operation  without  converting  :  A6H  +  2BH 
2.  Represent  (39), 0  in  : 

(i)  Ts  complement  representation 

(ii)  2  s  complement  representation 

3  Perform  addition  without  converting  :  B7H  +  8AH 
4.  Reoresent  (67)10  in: 

(i)  Ts  complement  representation 

(ii)  2's  complement  representation 
5  Perform  addition  without  converting 

A5^,  +  B6h 


(May  96,  4  Marks) 
(May  96,  4  Marks) 


(Dec.  96.  4  Marks) 
(Dec.  96,  4  Marks) 


(May  ‘>7,  4  Marks) 


6.  Represent  (67)10  in : 

(i)  1’s  complement  represenation 

7.  Perform  addition  without  converting  : 


(May  97, 4  Marks! 
(ii)  2's  complement  representation. 

(Dec.  97, 4  Maries! 


CAh  +  6Eh 

8  Represent  (89), 0  in  (Dec.  97, 4  Marks) 

(i)  Ts  complement  representation  (ii)  2's  complement  representation. 

9.  Perform  the  following  operations  directly  without  converting  to  decimal :  (May  98, 9  Marks) 

(i)  (112>4  x  (21 1  >4  (ii)  (BC)h-(5D)h  (iii)  (176)8  +  (532)8 

10  Represent  (61)10  in  .  (May  98, 4  Marks)  j 

(i)  Ts  complement  representation  r 

(ii)  2's  complement  representation.  P 
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2.13  Examples  from  University  Papers  : 


Perform  addition  operation  without  comertinit :  A6„  +  2B„.  (Mat  Vo,  4  Marts) 

Anx.  : 

Ao  >  (l«»io  (('),„  \  Com ert  each  digit  here  to 

f  2B  ->  (2)|0  ( 1 1  ),0  j  equivalent  do.  mml 


Wc  hav  e. 


(12), 


17) 


(17) 


10 


=  17 


Mo  v'Mo 
=  1  with  cam  ( h 


<«2), o  (l^in 

+  I _ 

0')10  (^n» 

No«  (l3),o  -  (D),t 

Total  answer  of  the  sum  is 

_ -  (P»»,6 

[Ta6)„  M2B),,  -  (DiTh] 

2.  Represent  (39), 0  in  : 

(1)  1’x  complement  representation 
(ii)  2’s  complement  representation. 

Ans.  :  (i)  l’s  complement  representation  of  ( )‘>)10 

First  find  out  binary  equivalent  of  ( *9)|0 


2 

39  ■»  Original  number 

|  Quotient  |  Remainder 

2 

19  1  - ►  LSB 

2 

l  i 

9  1 

2 

4  1 

2 

2  0 

2 

1  0 

♦  1  - ►  MSB 


(39),  o  =  ( 1001 1 1  )2 

Now  l’s  complement  of  1  0  0  l  I  I 

i  i  i  i  i  I 
=  01100  0 
is  complement  reprcscnlalton  of 
|  (W)|„  .  (01  IIKXljj 


...  Kn% 

tM*\  9o,  4  Marks) 


Scanned  by  CamScanner 


t 


Jh\ 


(”)  2's  complement  of  (39),0  is 
I  s  complement  of  (39)10  +  1 

Pi  10  0  0 

— -  1 

_ 01  1  0  ()  1 


2-73 


Binary  Arithmetic 


's  complement 
2's  complement 


^^complement  representation  of  (39^7^H~H)0l 

3-  Perform  addition  without  converting  :  B7„  +  8A„ 

Ans.  :  11 

B7  PPio  (7)10 

8A  ->  (8)io  (10)io 

(17)~ 

=  P9)io  (17)10 

i 

17-16  =1  with  carry  1 
19+1  =  (20)10 

=  (20)10 

i 

(2°)io  -  (16)io  =  (4)|6  with  cam  1 
’•  Total  answer  of  sum  =  (141)H 


...Ans. 
(Dec.  96,4  Marks) 


(B7)h  +  (8A)h  =  (141)„ 


4.  Represent  (67)10  in 

(i)  1  fs  complement  representation 

(ii)  2's  complement  representation. 

Ans. :  (i)  l's  complement  representation  of  (67)10 
First  find  out  binary  equivalent  of  (67)  10 


...Ans. 

(Dec.  96.  Mas  97, 4  Marks) 


2 

67 

|  Quotient  | 

2 

33 

2 

16 

2 

8 

2 

4 

2 

2 

2 

1 

1 

Remainder 


Original  number 


1 

1 

0 

0 

0 

0 

1 


-►  LSB 

A 


->  MSB 


(67)I0  =  (100001 1)2 
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Now 


s  tonip|cmcn|  of 


I  o  (, 
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<»  0  I 


i 

o 


i  I 


l  i  i 


L'J:“on,pJclllcmojT67,J!)  -  (,)  U  lTooO  ' 
(11)  2's  complement  oi  (^>7  >|(J  )s 
1  s  coinplcmcni  ol 


(f,7>i„  f 


1  1  0  0  I’s  complement 

.  .  I 

*  (l  *  >  2's  complement 


•  •  2's  complement  representation  ol 

(67V>  (CM  1 1  loi). 

Ft  rfonn  addition  without  convcrtinu  :  A5„  +  B6„ 
An.s.  :  (A5)|(  r 


A  5 

B  6  — * 

Carry  Jjfcx 


0°>,0 

(">I0 


(5) ,o 

(6) l0 


|  21  16  <">10 

(,)l"  <S>,6  (B)l6 


=  (1bb) 


If) 


^11 t  MBfy,  f  l5B>nJ 

6.  Perform  addition  without  converting  :  C  V,,  +  6E„ 

An*.  :  (CA)||  -t  (6E),, 


C  A 

(12)io 

00), o 

6  E 

(6)|0 

<14)io 

Carry 

0^ 

□  4 - N 

1 

l 

19-  16  =  3 

1 

24  16  : 

0)l6 

1 

(3), 6 

-  v 

1 

(0)l6 


0 38)16 


Binary  Anthn,.  >. 


....ins 


. . .  A  H 

(May  07,  |  Mail  , 


...  Ans. 
(l)tH  07,  (  M ;ir!,M 


Scanned  by  CamScanner 


Miniflim.  MUAicjju  w j'OH'MUjj..  I 


Digital 


?-75 


I  (C  A>ll  +  (6r;)„  ,  (MX),  ! 

•  fePKKII'  (B*)l0  |„  .  J 

An,'!1,,;';.; . . . . . 

Krslfi  ,  COI"plcmcm  rcprcscnuuionof  (8*j) 

^  r,,id  oik  binary  cquivuIen,  of (#V) ^  ’ 


B 


•complement  representation. 


,lnary  Arrthmetu 

•••Am. 
(Dec.  97, 4  Marks 


lo 


2 

2 

89 _ k  ,  , 

Il|§a  '  ""umb,r 

44  1 

~r 

-  ♦  LbB 

22  0  t 

2 

11  0 

2 

5 

b  1 

2 

2  1 

2 

1  0 
< 

i 


♦  MSB 


=  (ioi  iooi  )2 

1  's  complement  of  i  o  l  loot 


.  i  -i  X  i  J, 

0  10  0  1  10 


- - - -  „  ... 

l's  complement  representation  of  (89),,,  =  (0100110)-, 

••  •  Afifu 

(ii)  2's  complement  of  (89)10  is 
l's  complement  of  (89),0  +  l 

•'•0100110  4-1  's  complement 

+  1 

0  10  0  111  4 —  2's  complement 

1 2's  complement  representation  of  (89)10  =  (01001 1 1)2 

•  » •  Avis* 

8.  Perform  (he  following  operations  directly  without  converting  to  decimal :  (May  98, 9  Marks) 
(I)  (112)4  x  (21 1)4  (ii)  (BC)h -(5D)h  (Hi)  (176)8  +  (532)8 

An».:  (i)  (I  I2)4  x  (21 1)4 

First  convert  these  numbers  into  binary  form 
As  base  is  4  each  digit  in  number  is  represented  using  2  bits 
(1 12)4  -  (0101 10)2 
(211)4  *  (100I01)2 


Scanned  by  CamScanner 
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binary  Arithmetic, 


0  1  0  1  ,  o 

x 

1  0  0  1  0  1 

0  0  o  0  0  0  x 
0  1  0  1  1  o  x  x 
0  0  °  0  0  0  X  X  X 
0  0  0  0  0  0  x  X  X  X 
1  o  1  1  0  x  x  X  y  V 

_  BE]  m  xxx 

1  1  0  o  1  0  r  1  , 


Mll2)4*(2ll)4  =  (302321, 

(ii)  (BC)h  -  (5D)n 


'  °  r i  i  oTr 

L-—J  l - it _ Convert  the  binary  number 

2  3  2  J  ,0  base  4  number,  group  2  bits 


...An*, 


9.  Represent  (61)I#  in : 

(0  1 '«  complement  representation 
(U)  2'i  complement  representation 
Ami.  : 

(0  1%  complement  representation  of  (61)10 


•  • « Ai  o 


m.Aol 
(May  98, 4  Marks) 


Scanned  by  CamScanner 


-Qiflital 


V 


2  77 


<6I>.0  -  (1  1  I  10 1 )2 

1  s  complement  of 


I  I  I 


( number 


*  MSB 


I  0  | 


Blnary  Anthmet 


ic 


0  0  0  0 


^o.K,  ,0,; 

00  2's  complement  represent;,., on  of  (6  n  jT 
1 1  '  '10  13 
J  S  complement  of  (6I)]0  +  | 

I’s  complement  is  0  0  0  ()  , 


I  0 


■  •.Am, 


_ _ o  0  0  0  11 

— 's  complement  representation  o f  (fT I  )7o  -  nx X W )  1  f) , 


2's  complement 


10.  Add  (he  1*0  number,  (AO,,  and  (D9)„  directly.  Comer, 
in  a  number  system  with  radix  four. 

Ans.  : 


...  Anv 

the  hexadecimal  sxstem  obtained, 
(Dei.  98, 4  Marks) 


(AC)„  ♦  (D9)^ 

AC  -  (10)10 

D9  ->  (13)10 
Carry  [j]^  [T]  +- 


02)10 

(9),o 


=X 


1  24  -  16  =  8  21  -  16  =  5 

l  i  i 

0)l6  (8)l6  (5)l6 


=  (185) 


16 


(AC)„  +  (D9)h  =  (18  5)„ 

Now  to  convert  (185)H  to  a  number  system  with  radix  4 

f'H  ll.'.l  .  tV 


r*ff* 


Scanned  by  CamScanner 


Digital 


Binary  Arithmetic 
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F'rsl  we  have  to  convert  (183),,  to  decimal  form, 

-  1  x  162*  H  x  161  +  5  x  16° 

-  256  +  128  v  5 

-  (389)  |0 

0M)l6  3  (3»9)|0 

Now  convert  (389)  )fJ  to  number  system  witii  radix  4  by  division  method. 


4 

389 

Quotient 

4 

07 

4 

24 

4 

8 

4 

1 

Original  number 


Remainder] 


1 

1 

0 

2 

1 


LSB 

A 


-►  MSB 


(389) j0  -  (120U)4 


(AC)„  +  (D9)„  -  (185),, 

(185),,  -  (389), n  «  (12011)4 


...Am. 


_  ^  Ml  *  m'J  ■■  i  — 

II.  Two  binary  numbers  A  and  B  are  added  and  subtracted  as  shown  :  (Dec.  98, 2  Marks) 

(A),  +  (B),  -  (HOO), 

(A), -(B),  -  (0010), 

then  find  (A),  and  (B),. 

An«. :  To  get  the  values  of  (A),  and  (B),  ;  First  add  the  two  equations 


(A),  +  (D),  -  1100 

+  (A),  -  (B),  =  0010 


eqn.  (a) 
eqn.  (b) 


Now  to  get  (A),, 


2(A>2 

2(A),  "  (H10), 
(U10)2  -  (14), o 
(A)|0  a  14/2  3  (7)jo 


1110 


/.  In  Binary  value  of 


(A)j  *  (OIID2 


...Ant. 


Now  tuMiute  this  value  in  Equation  (a) 

(Ulll)j  +  (B)}  -  <110% 

;  .  -  '  i'  '•  ■  .  Ml 

-  .  ■  . 


.  'it' 
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110  0 

(B)2  =  -  011  1 

ED  ED  ED 

0  10  1 

(B)2  =  (0101)2 

1 2.  Represent  (38)10  in  2's  complement  representation. 

Ans.  :  First  find  out  l's  complement  of  (38),0. 


2 

38 

Quotient 

2 

19 

2 

9 

2 

4 

2 

2 

2 

1 

i 

k 


- Original  number 

|  RemaindeT 

0  - - -►  LSB 

a 

1 

1 

0 

0 

_ ^  ■)  - -  MSB 


(38)10  =  (1001 10)2 

l's  complement  10  0  11° 

X  i  i  -l  'l'  ^ 

0  1  10  0  1 

=  (01 1(X)1)2 

Now  2's  complement  Or(38)l0  is  l's  complement  of  (28),„  +  1 

0  ,  tool  ->  rs  complement 


2's  complement 


13.  Perform  the  following  multiplientio"  : 
(|0110.01)2  x  (101.1)2 

ns.:  Refer  SccUon  2.6  (Ex.  29). 

t.  Perform  the  following  division  : 

(1101001.101)  (101) 

.  Refer  Section  2.7  (Ex.  36). 

;  r!Z  the  following  addition  :FB8I1  +  D89H. 


Binary  Arithmetic. 


...Ans. 
(June  99,  1  Mark) 


...  An  i. 
(June  99, 2  Marks) 


(June  99, 2  Marks) 


(June  99,  2  Marks)  / 


St 


scanned  oy  uamscanner 


110  0 


<B>2  “  -  oil  1 


0  10  1 


;  (010l):| 

complement  representation. 

Tiplcmcnt  of  ( 'H)|0 


38 

Quotient 


19 


9 


4 


2 


1 


- » 

Remainder 

0  - 

1 


1 

0 

0 


Original  nuor>bef 


*  LSB 


♦  MSB 


(|OOllO)2 

s  complement  I  *■  **  ®  ® 

♦  ♦  ♦  A  1  i 

il  I  I  u  o  I 

(Olioohj 

is  I's  complement  of  ( ’ *  * 

I  0  0  I  ♦  l‘»  complement 

I 


• . .  An  si# 

(June  99,  1  Mark) 
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-  (D89)h 


— ♦ 

(15)10 

("ho 

(8)i0 

— ► 

(’3),0 

OD 

o 

(9),0 

IK  s  m 

'  29  -16=13  20  -16  =  4  17  16=1 

fill 

.’he  (D)1fi  (4),h  (i 


D41he 


risen  tat  ion 

)  mentation. 

representation  of  ( I9)]() 
lent  of  ( I9)|0 


9 

4  1 

2  0 

1  0 

i 

*• - ♦  1 


- ► 

Remntndrr 


1 


19 

Quotient 


Original  number 

- ►  LS0 


♦>  VSR 


...Ana. 
( Dec.  99,  2  Marks) 
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Minterm.  Maxteim  &  Karnaugh  Maj^ 


I  j  - - ^-q  I _ _ _ 

•  "rfo™,he foll.»h,8 opera, i„„s direct,y  »„hou, convcrlin8 „ ^  ; 


(•)  (C9)„  -  (8D),j 

(H)  (232)4  x  (12)4 

(Hi)  (257)8  +  (423)8 
(H)  (1101001)2  -+■  (101)3 

Ans.:  (i) 

(C9)h  -  (8D)h 


Binary  Arithmetic 

(Doc.  99, 3  Marks) 
(Dec.  99, 3  Marks) 
(Dec.  99, 3  Marks) 
(Dec.  99, 2  Marks) 


(C9)h 

(8D)h 


(12) 


10 


(8)10-, 


06)10 

(9)l0_ 

(,'3)l0 


- ►  Borrow 

(25), o 

- ►Operand  1 

- ►Operand  2 


-►Carry 


(12)io-(9)10  =  3 


=  (3C)h 


(25-  13)  =  12 

*  1 

0)H  (C)h 


.-.  (C9)h  -  (8D)h  =  (3C)h 


•  •  •  Ans. 


(ii)  (232)4x(12)4 

First  convert  these  numbers  into  binary. 

As  base  is  4  each  digit  in  the  number  is  represented  using  2  bits. 
(232)4  =  (101U0)2 

(12)4  =  (0110)2 
Perform  binary  multiplication 

10  1110 

X 

0  110 


oooooo 

1  0  1  1  1  o  X 

1  0  1  1  1  0  X  X 

o  00  0  0  0  X  X  X 

1  0  0  0  1 

t 


0  1 
"l 


0  °llc< 


Convert  the  binary  number 
base  4  number,  group  2  bit* 


(B2),x(l2),  -  (10110)4 


.Ast. 
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(257)„  +  (421)g 

2  5  7 

4  2  3 

Carry  [T]^  ^ _ 

1  8-8  =  0  10-8  =  2 

111 

<7>8  «>)„  (2)8 

I :: ( 257  t  (42 1  >H  -  (702)^1  ...  An  v 

(iv)  (1  )01001)2  +  (101  >2 

Anx.:  Refer  Section  2  7,  Ex  12 
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Syllabus : 

Olnnry  Logic  Functions,  Booloan  laws,  Truth  tablos,  Associative  and  distributive  properties, 
Domorgnn's  theorem,  Realization  of  switching  functions  using  logic  gates. 

r - 

Section 

r  Name  of  the  Topic 

number 

Theory 

Problems  ^ 

•Introduction  to  Logic 

3.1  -3.2 

— 

•  Boolean  Theoroms 

3.3 

y 

y 

•  Boolean  Laws 

3.4 

y 

y 

•  Demorgan's  Theorem  ^ 

3.5 

y 

y 

•  Perfect  Induction 

3.6 

— 

y 

•  Reduction  of  logic  expression  using 
boolean  algebra 

3.7  -  3.8 

— 

y 

•  EX-OR  /  EX-NOR  gate 

3.9 

y 

•  Universal  Logic  gates 

3.10 

y 

y 

•  Implementation  using  universal  logic  gates 

3.11  -3.13 

— 

y 

•  Input  bubbled  logic 

3.13 

y 

. 

^Assertion  level 

3.14 

y 

Comment* * 

•  Base  of  digital  electronics. 

•  Don't  proceed  further  till  your  concepts  are  crystal  clear. 

•  Concentrate  more  on  section  3.3  to  3.10 
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Logic  0 

Logic  1 

False 

True 

OFF 

ON 

Low 

High 

No 

Yes 

Open  Switch 

Closed  Switch 

Tabic  3.1 


Thus  logical  algebra  is  well  suited  to  express  the  opening  and  closing  of  electrical  switches,  the 
presence  or  absence  of  electrical  pulses,  or  the  polarity  or  amplitude  relationship  of  pulses.  Because  only 
two  values  are  possible.  Boolean  algebra  is  relatively  easy  to  work  with  as  compared  with  ordinary  algebra 

Actually  in  Boolean  algebra  there  are  only  three  basic  operations  : 

1.  Logical  addition,  also  called  OR  addition  or  OR  operation  The  common  symbol  for  this 
operation  is  plus  sign  (+). 

2.  Logical  multiplication,  also  called  AND  multiplication  or  simply  AND  operation.  The  common 
symbol  for  this  operation  is  multiplication  sign  (•). 

3.  Logical  complementation  or  inversion,  also  called  the  NOT  operation .  The  sy  mbol  for  the  same 
is  over  bar  (~) 


3.2  Logic :  _ 

Now  we  arc  going  to  learn  three  basic  logical  operations. 
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(c)  AND  using  transistor 
Fig.  3.2 


We  are  going  to  follow  standard  specified  in  Table  3.1.  i.e.  logic  0  -  open,  logic  I  -  closed 
Logic  0  *  LOW  =  »V.  logic  I  -  HIGH  =  V,.,.. 


Casel 

=> 

A  * 

open 

Case  II 

A  = 

open 

Caw  III 

=> 

A  = 

dosed 

Case  IV 

A  “ 

closed. 

B  =  open,  O/P  C  =  OV  =  Logic  0. 

B  *  closed,  but  path  is  still  incomplete.  O/P  C  *  0V  =  Logic  0. 

B  =  open,  path  is  not  complete.  O/P  C  *  logic  0  *  0V. 

B  =  closed.  /.  path  is  complete.  O/P  C  *  ■  HIGH  ■  logic  l 


So  if  we  w  rite  truth  table  wc  get 
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O/PC 

(logic) 

0 

0 

0 

1 


A 

B 

O/PC 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

(b) 

Table  3.4 


+  5V  =*  HIGH. 


lion  correctly  we  will  assume  that  dio 
it,  is  equal  to  zero.  Refer  Fig.  3.2  (b). 

diodes  D,  and  D2  both  will  conduct. 

forward  voltage  drop  of  the  dio 

gic  0. 

logic  0  B  =  0V  =  logic  ’O',  O/P  C  =  0 

*  +5V,  B  =  OV  =  logic  0,  /.  diode  D, 

ge  at  point  X  is  again  forward  voltag 
C  =  0V  =  logic  'O'. 
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hnlK  "  '  •  transistor  Q 

'  j  m*lh  arc  ciit-otT  v/,,i. 

*  . .  i,  ,„8K , , "  v"  ■»*« »' 

Un«  transistor  o  i„  "s  wln 

n  -  '“K'C  «*  -  OV.  B  -  |„Ric  ,  .  v 
'  omMMor  Q,  C01Kl„cl  0;  'js 

logic  V  iVv  V°"“K  P0"11  Y  » 

Dansistor  g" 

v'  ">  saturation 

•  •  O/P  c  ov  -  logic  0 

A  "  V'(-  lo«,c  I.  B -ov- logic  0 

Tranwsior  Q,  is  ON.  Q,  is  OFF  ,. 

v  logic  I.  transistor  Q,  is  m 

saturation.  O/P  C  _  ov  logic  o 

A  "  B  "  Vrr  *  logic  I  Both 
transistors 


_Booi«ari  Aly.bra  and  Lojjic  0»u% 

d 


GND 


rr 

Qi  and  Q.  will  be  in 


<...U  v:  >V III  DC  111  c:„  ,,,A, 

saturation,  provides  V  o  -  hw.r  n  tk  r  (A)  *  P,n  U,aRram  of  a  740« 

( )/P  r  v  ,  ,  g  C  1  hcrc,orc  trans,stor  Q , ,  cut-off  As  (3  s 

U/ri  =  V(.r  -  logic  1 


cut-off  As  0  is  OFF, 


If  we  summarise  all  these  eases  we  will  get  tn.th  Table  as  shown  in  Table  3.4  (b). 

pack-til*  Th  D  *T  WC.gCl  ma  SUindard  PaCkagC’  '  C  ln,c8ratcd  Circuit  (1C)  of  14  pin  dual-in-line  (DIP) 
pacK.igc  The  same  is  shown  in  Ftg.  .3  2  (A)  -  740X 

Uplill  now  What  we  have  discussed  was  2  input  <U  A  and  B)  AND  gate  One  can  have  two  or  more 
miinhcrs  ol  inputs  also  i.c.  A.  B.  C.  D.  E  F,  G.  H.  and  so  on  Table  3.5  shows  truth  table  for  4  inpu, 
AND  gale.  Fig  V3  shows  4  input  AND  using  switches  and  diodes  with  symbol. 


(a)  4  input  AND  using  switches 


(b)  4  input  AND  using  diodes 
Fig.  3.3 


(c)  Symbol 
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i c  1  then  only  Output  is  1 . 
le  or  more  inputs  are  'O'. 

Formed  exactly  like  ordinary  multiple 
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V 


j 


Digital 


M«~ti  OR  Fiat,  either  or  both  ore  valid 

Wc  have  'OR'  operator  Now 
Maruti 


Boolean  Algebra  and  Logic  Gates 


— » 


let's  make  table  generalised. 
Variable  A 


Fiat 

Acquired  o/p 

/ 


Variable  B 
Variable  C 


A 

OR 

B 

= 

C 

A 

+ 

B 

= 

c  J 

=>  OR  operator  (+  is  Not  addition) 
Truth  Table  is. 


Inputs 

Output 

A 

B 

C 

() 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

Tabic  3.7  Fig.  3.3  (A)  :  Symbol  of  OR  gate 


Conclusion  :  In  OR,  when  cither  of  the  input  is  HIGH  (True),  O/P  is  HIGH  (True)  _ 

In  electronics  we  have  device  which  performs  OR  function,  called  OR  gate.  The  symbol  lor  2  input 

OR  gate  is  shown  in  Fig.  3.3  (A). 

Now  we  will  implement  OR  function  using  switches,  diodes  and  transistor 


S/W  A 


Fig.  3.4  (a) :  OR  using  switches 
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vcc 


! 


OR  Using  Switches 


\  ( 


Refer  Fig.  3.4  (a).  We  have  two  switches  A  and  B  connected  in  parallel.  Output  is  variable  V  Switch 
open  =  logic  0,  switch  closed  =  logic  1.  OV  »  logic  0  and  V(V  *  HIGH  -  logic  1 

Case  I  =>  Switch  A  =  B  ®  open,  Circuit  is  not  completed,  we  have  O/P  C  •  OV  logic  0 

Case  II  =>  Switch  A  =  open,  B  *  closed  The  electrical  connection  is  completed  via  switch  B, 


O/P  C  =  Vcc  ■  logic  1 


b 

! 


Case  UI 


•  II 

Switch  A  =  closed,  B  *  open.  The  electrical  connection  is  completed  via  switch  A,  * 
O/P  C  -  Vcc  =  logic  1.  j 

Case  IV  =3  Switch  A  =  B  =  closed,  Electrical  connection  is  completed  via  both  switches, 
O/P  C  *  Vcc  =  logic  1. 

If  we  combine  these  four  eases,  we  arc  going  to  get  truth  table  (T.  T)  as  shown  in  T  able  3  7 


f 

r 


OR  Using  Diodes 


Asramption  :  Diodes  are  'ideal1,  /.  drop  across  diode  is  approximately  OV  OV  -  LOW  =  Logic  0, 


Vcc  -  HIGH  -  logic  1. 


Case  I  =* 
Case  II  => 


Case  in  => 
Case  IV  => 


A  =  B  *  OV  -  logic  0.  diodes  D,  and  D2  both  arc  cut-off.  O/P  C  -  OV  =  logics 
A  -  OV,  B  -  Vcc,  /.  diode  D,  -  OFF,  D,  -  ON.  As  D,  is  ON  there  will  be  Vrc. 
across  resistance  R  as  forward  voltage  drop  of  diode  is  assumed  to  be  O'  . . 

j!  5  ■  ■  °n'  - opF  **  d>  “  °N- Vcc  wm  ac,°“ 

meutance  R  as  diode  drop  is  assumed  tobcO..  O/PC -HIGH-  logical  t. 
"rc  =  high,  7 both  the  diodes  will  conduct  and  output  will  be  logical  L  •» 
_ .  nmr  -.uiflu  -  ink'll  i 


mim 


t  t 
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get  Irolh  Table  a*  shown  in  Table  1.7 


‘f  W*  “mbine  all  f0urcaie5  w.wm 

""ss  ^ ^ 

and  n  k  8  •'•  Transistor  Q. 

Q2  both  arc  off,  provides  HIGH  logit 

point  Y.  As  V  *  Liipu  , 

vY  HIGH,  transistor  Q,  is 

n/D?d_  0pC,a"s  in  saturation 
■  O/P  C  =  OV  =  logic  'O'. 

A  B  =  Vcc  =  HIGH.  /.  Transistor  Q 

F  and  Q2  =  ON.  The  combined  effect 

is  Vy  =  OV.  As  VY  »  OV,  transistor  Q,  - 

OFF,  O/P  C  =  HIGH  =  Vcc  =  logic  1 

^  ~  ^cc  =  HIGH,  B  =>  0.  Transistor  Q, 

-  ON  and  Q2  =  OFF.  The  combined  effect 

is  Vy  =  OV.  As  Vy  =  OV,  transistor  Q3  = 

OFF,  O/P  C  =  HIGH  =  Vcc  =  logic  1 

A  -  B  -  Vcc  =  HIGH,  both  the 
transistor  Q,  =  Q2  *  ON.  /.  VY  =  0. 

Transistor  Q3  *  OFF  and  O/P  C  =  HIGH  = 


Case  n 


Case  III  => 


Case  IV 


Vcc  =  log>c  1. 


After  combining  these  four  cases,  we  arc  going  to  get  Truth  table  same  as  Tabic  3.7 

The  OR  gate  we  get  in  standard  package,  i.e.  DIP.  The  IC  number  is  7432  Refer  Fig  3  5 

Uptill  now  we  have  discussed  2  input  OR  gate.  We  can  have  more  than  2  inputs  for  OR  gate  Vi 
Fig.  3.6  shows  3  input  OR  gate  using  switches  and  diodes  with  symbol. 


Fig.  3.6 


The  troth  table  is  as  shown  in  Table  3.8. 
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■ 

Inputs 

- - — - 

_ Output 

—  Boolean 

B 

n 

D 

Y 

H 

1 

D 

1 

1 

i 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

i 

1 

1 

_ _  Table  3.8 

Conriurion  :  When  either  of  the7^^T^|^n,,ln,,,  „  U[ru 
Y  =  A  +  B  +  C. 

Summary  of  OR  function. 

(1)  The  OR  operation  produces  result  1  when  any  of  the  input  variable  is  1 . 

(2)  The  OR  operation  produces  result  0  only  when  all  input  variables  are  'O'. 

(3)  With  OR  operation,  1  M  =  1.  1  H  +  U  1  =  1,  H  H  h  1  =  1  onW. 


3.2.3  NOT  Operation  (an  inverter)  (Complementation)  : 

NOT  operation  operates  on  single  variable.  It  does  not  operate  on  multiple  input  variables  like  AND, 
OR  gate.  The  Fig.  3.7  shows  symbol  for  an  Inverter. 


rv  Y  =A 

A* — p?-1— 

Presence  of  small  circle 
always  denotes  inversion 

(a)  Symbol  of  an  inverter 

Fig.  3.7 


(b)  Symbol  of  an  inverter 


As  shown  in  Fig.  3.7,  when  NOT  gate  is  excited  with  input  variable  A,  O/P  Y  =  A,  (Y  equal  to 
Inverse’  of  A')  or  (Y  equals  complement  of  A).  Over  bar  Q  represents  NOT  operation.  The  truth  Table  is 
shown  in  Table  3.9. 

NOT  of  T  is  0. 

NOT of'fris  I. 

NOT  operation  is  referred  as  Inversion  or  complementation. 

Let’s  implement  Inverter  using  switches  and  transistor. 


Input 

Output 

A 

Y-A 

0 

1 

1 

0 

Table  3.9 
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O/P  Y 


l/p  A°— vVvWV 


f  I 


1 


O/P  Y 


°f  i 


+  v 


C.C 


(a)  Using  switch 

NOT  Using  Switch 


(b)  Using  diodes 
Fig.  3.8 


Case  I :  When  A  =  open  means  we  are  applying 
logic  'O',  .-.  O/P  Y  is  equal  to 
Vrc  =  HIGH  =  logic  1. 

Case  II :  When  A  =  closed  mcaas  we  arc  applying 
logic  T,  then  O/P  Y  is  equal  to 
LOW  =  OV  =  logic  0.  because  Y  is 
shorted  to  ground. 


NOT  Using  Transistor 


Case  I 


When  I/P  A  =  HIGH  =  Vcr  *  logic  1,  Q, 

will  be  ON.  .•.  O/P  Y  is  approximately 
equal  to  OV  =  LOW  =  logic  0. 

Case  II :  When  I/P  A  =  LOW  =  OV  =  logic  0,  Q, 
will  be  cut-off.  O/P  Y  is  equal  to  Vrr  = 
logic  1. 


* 


If  we  make  truth  table  for  two  cases,  for  NOT  using  switch  /  transistor,  we  will  get  truth  table 
identical  to  Table  T9. 

The  INV  we  get  in  standard  DIP  package  The  IC  number  is  7404. 

Summary  of  Logic  Gates  : 


OR 

AND 

NOT  (INV) 

0  +  0  =  0 

0  -0  =  0 

0  =  1 

0  +  1  =  1 

0-1=0 

1=0 

1+0=1 

1-0  =  0 

1  +  1  =  1 

1-1  =  1 

. .  -I"**  '  ■  ,  ' u 
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^  Boolean  Theorems  : 

AND  Laws  '-„mcnct,  ^wn4^-^,„d£mcBook.a 


)  Onr 


in 


l»ut  filed  at  logic  ’U*  ; 

■^D- 


Fig.  3.10 

Rcfcr  I  'K  1  10  The  tn„h  Table 


\  o- 
A 


of  AND  ? 

♦*«  (5  ah*  a  s  *>’ 


Fig,  3. 1 1 


irTc^pcctiif  of  other  inpul  |  ti  j0j,,c  f.  >aic  states  that  when  cits  input  is  fixed  at  logic  M' 

•  I  A  0  o 

0  One  input  Hied  at  l„pc  |  . 

Rcfi;r  Tie  1  1 1  When  one  ,np„, 

Aic  V  a  n  if  a  *  n  y  „  |  tf  of  AND  pile  ix  at  Irpu  lex  cl  1  Output  follows  input  x.trwble 

I  A  I -a!  a  '  I 

ol  Both  inputt  arr  hatinK  ' 

Refer  Ktj*  t  |j  •Mimnn  input  OR  K«ih  mpati  arr  thnrird  to  tingle  xanable  : 

t.M  If  A  '  !>,  both  ur 

(b)  If  A  -  |  both  **"  '*  iK  al  ,0>'k  ^  'c  > 

[a  a  -  a'  ,n*r  ’,l,i  ‘,,c  al  T  ic  >  I 


Y 


Fig.  3  13 

.r)  If  one  input  is  negated  (complement)  of  the  other  : 

Refer  Fig  11)  Imrxpcuixc  of  \  .line  of  A  i  c  log*,  tv  or  l\  one  input  w  til  be  alw.txx  at  ti’, 
of  AND  gate  \%  ill  he  .Uu.i\s  logic  1»* 

r . r  ~i 

[A_A^0j 

I  OR  Laws] 

(i)  One  input  Hard  at  logic  *0’  : 


:z5> 


-♦Y 


fit  3  15 


O/P 
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Boolean  Algebi a  and  Logic  Oates 


(a)  lf  A  °-  both  ,nP»«s  arc  at  logic  'O'.  ...  y  =  0 

(AA7  ~n  mPU'  °f  °R  «*  15  «  <•*  >•■•••  Y  -  I  means  O/P  foUows  „lpu, 

V  .  - — - — * 

°ne  inPut  rued  at  logic  I  : 


n~ifW  gate’  lf  eithcr  of  1110  inPut  is  at  ,0Bic  1  output  will  be  always  at  logic  T 

(»0  Both  inputs  are  shorted  to  single  variable  : 


i 


-o  Y 


Ao- 


r^X> 


-oY 


Fig.  3.16 


Fig.  3.17 


Refer  Fig.  3.16. 

(a)  lf  A  =  0,  both  inputs  of  OR  gate  w  ill  be  at  logic  t)\ 


Y  =  0. 


(b)  If  A  =  1,  both  inputs  of  OR  gate  will  be  at  logic  T,  .\  Y  =  1 


A  +  A  =  A 


(iv)  If  one  input  is  negation  (complement)  of  other  : 

Refer  Fig.  3.17. 

^  Irrespective  of  value  of  A.  i.c.  logic  0  or  1,  one  input  of  OR  gate  will  be  always  at  logic  \. 
be  always  at  logic  1. 


O/P  will 


A  +  A  =  1 


inversion  Law  ] 


(i)  Refer  Fig  3  18,  If  input  is  A,  output  Y  -  A 

(ii)  Refer  Fig.  3.19.  If  input  A  is  given  to  1st  Inverter  \  =  A. 


Y  =  A 


- ^°" 


x  =  A 
— • — 


-o  7  =  x  =  A 


Fig.  3.1* 


Fig.  3.19 


The  output  of  first  gate  given  to  2nd  gate.  Y  =  x .  but  as  x  -  A,  Y  -  a  A 
Conclusion :  Double  Invasion  of  variable  is  variable  use 


A*  A! 
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3.4  Boolean  Laws  : 
Commutative  Law  i 


Any  bjnaiy  operation  that  satisfies  law  X  •  Y  =  Y  •  X  is  refpmvi  ^ 

■  e  [a  ~B-B.  A  and  ^71^7771  Commute  Operation 

Fig  ?2,f  ”8  P0S"'°n  °f  Variab'CS  °"  ^  ga’C  d°CS  n°'  *"*  *  operation.  The  same  is  shown 


Fig.  J.20 

The  same  thing  can  be  proved  using  Perfect  Induction  Method  In  this  method  one  can  check  validity 


This  law  states  that  the  order  in  which  the  operation  is  performed  is  irrelevant  as  their  effect  is  the 
same. 

For  example  (x  •  y)  •  z  =  x  •  (y  •  z) 
also  (x  +  y)  +  z  ®  x  +  (y  +  z) 

This  is  diagramatically  represented  in  Figs  3.21  (a)  and  (b). 


Fig.  3.21  :  (a) 
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Before  I  start  explaining  you  theorem,  let's  see  few  definitions  : 

3)  Literal :  A  variable  in  a  Boolean  expression,  appearing  in  uncomplemented  or 

'  complemented  form.  For  example  in  the  expression  Y  =  (A  +  B  C),  we  have 

a  1  two  terms  A  and  BC.  The  first  term  has  a  signal  literal  A  while  the  second 

term  BC  has  two  literals  B  and  C 

(ii)  Product  Term  :  A  product  is  solely  product  of  literal,  for  example  ABC  is  a  product  term  A 

product  (AND)  of  'ri  Boolean  variables  (3  variables  in  above  case), 
uncomplemented  or  complemented,  but  not  repeated,  in  a  Boolean  function  of 
n  variables  is  referred  to  as  a  standard  product  term  or  'Minterm' 

_ (iii)  Sum  of  Term  :  A  sum  term  is  solely  the  sum  of  literals.  For  example  A  +  B  +  C  is  a  sum 

*s  term.  A  sum  (OR)  of  'n'  Boolean  variables,  uncomplemented  or 

complemented,  but  not  repeated,  in  a  Boolean  function  of  'ri  variables  is 
H  referred  to  as  a  standard  term  or  'Masterin'. 

(tv)  Standard  Product  A  product  term  which  consists  of  one  literal  from  every  variable  in  the 

o  Term  :  function  domain.  For  example  in  a  four  variable  ABCD  the  standard  product 

s  term  will  be  A  B  C  D,  ABCD.  ABCD,  ABCD  etc. 

i  (v)  Standard  Sum  A  sum  term  which  consists  of  one  literal  from  every  variable  in  the  function 
Term :  domain.  For  example  in  a  domain  of  three  variables  A,  B,  C,  the  standard 

sum  terms  would  be  (A  +  B  +  C),  (A  +  B  +  C),  (A  +  B  +  C)  etc. 

(vi)  Sum  of  Products  :  A  Boolean  expression,  expressed  as  sum  of  product  term  i.e  as  an  OR  of 

AND  terms  containing  uncomplemented  or  complemented  variables,  for 
exanqrie 

AB  +  BC  +  CA 

ABC  +  AB  +  ABC  +  ACD  etc. 
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<V"*  PrOlJUct  0f  Sum  _  3-18 

A  Boolean  f“ncU^^TT~ - 22!saa^aJ2tLoaic^ 

^  sss.- 

uncomplemented  or  complement*  for'™  °f  B°°lea"  'a"abl“- 


^rodi 


•lets  : 


Note 


■--■J^n.edorcomplemeraed.foVe^r;  '  “  B°°lea"  Variabte- 

«*)  Standard  p  ,  U  ABC  (D  +  5,  "* S-a''da'd  ^  form  would  »«">*  D  also 

*££?  ^0,IUC,  ™*  «■»  contat^o"^:?00  <AsD  +  °  =  '> 

<™u>  Table  for  the  expression  This  form'  "“J1'™  for  each  Zer»  entry  in  the 
of  the  group  of  OR's  Ohe  sum  terra!  oTb^oT'5'"^  as  AND  (Product) 

°r  complemented,  for  example  °°  ean  expression,  uncomplemented 

f  (A,  B,  C)  =  (A  +  C) 

(A  +  C  +  BB)  _(BB  =  0  Refer  AND  law) 
product  (ANdTTT~~  (A  +  B  +  C)  ■  (A  +  B  +_C) _ _ 

be  presen,  "  A(  ’  ,erm-  n0rmally  ru'  '*<*  Bu<  "»*  Toward  dof  may  or  may  no, 

be  present  because  A  ■  B  can  be  ,1,  o  wnden  as  AB,  A  •  B  ■  c  ,  ABC,  A  ■  B  ■  5  ,  A  B  c  and 

fonniJated  hl^Tth^rei^  foe^mDllSne  ^  US<* 1  ,n  Boo'“"'  al8ebra  ls  Demorgan's  theorem  Demorgar 
yf  =.  u,eorems  to  S'tnpltft  express*  JOS  ,.e.  they  provide  method  of  expressing  the  comnlemen 

a  complex  expression  in  terms  of  comple  ment  of  Individual  component  or  in  shon  theorem  allow: 

emoval  of  individual  variable  from  under  a  NOT  sign  for  e.g.  A  +  B  +  C  •  ABC.  AB  +  C  etc 
he  first  Demorgan  s  theorem  states  that  the  complement  of  sum  of  products  equal  to  the  product  c 
(implement  of  individual  variable  i.e.  A  + 1?  =  AB 


The  second  Demorgan's  theorem  stritcs  that  the  complement  of  a  product  equals  the  sum  of  the 
implement  of  individual  variable  i.e.  /A  •  B  =  A  +  B 

Refer  Fig.  3.22 
Refer  Fig.  3.23 
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Fir.  3.23 

- - SjgPiinvolvcd  iiU3cmorgan's  theorem _ 

|  P  ’  ^0,nP,cmcr»t  entire  function  Say  given  function  is  A  +  B 

Again  complement  A  +  B  =  a  ♦  B 

Step  II  :  Change  all  AND  to  ORs  and  all  ORs  to  AND 
'•  A  4  B  will  become  A  •  B 
Step  111  :  Complement  each  of  Individual  variable 


_ •  •  We  w  ill  get  A  •  B  .\  A  +  B  *  A  •  B 

Thcabovc  procedure  is  called  Dentorgunisation  Let's  preve  it  by  perfect  Induction  tmilwid 
A  0  1  0  I 

I 

_ BOO  | _ I_ 

A  |  0  I  0 

B  I  10  0 

A  •  B  1  0  0  0  - > 


A  B  0  1  I  I 
A  +  B  1  0  0  0 

Same  wav 


These  twi  arc  matching 
.-.  A  +  B  =  A  •  B 


A 

0 

1 

0 

1 

1 

1 

B 

0 

0 

J 

1 

1 

A 

1 

0 

1 

0 

B 

1 

1 

0 

0 

A  +  B 

1 

1 

1 

0  — > 

These  two  are  matching 

A  •  B 

0 

0 

0 

1 

AB 

1 

1 

1 

0  - > 

A  •  B  8  A  +  B 

Deriving  Mon  Law  from  Basle  Law 

Now  we  are  going  to  derive  more  laws  from  thebasic  laws. 
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(ii 


"  A  •  1  +  AB 

(AND  law  (n)) 

*  A  •  (1  +  B) 

(Distributive  law) 

=  A  •  1 

A 

(OR  law  (i» 

^<^+*AB  =  A  V  B 

Proof  :  A  +  AB 

(AND  law  (ii)) 

=  A  •  1  +  A  B 

(AND  law  (i;)) 

=  A  *  (B  +  1)  +  AB 

(OR  law  (ii)) 

=  AB  +  A  •  I  +  A  B 

(Distributive  law ) 

=  AB  +  A  +  AB 

(AND  law  (ii)) 

=  A  +  B  •  (a  +  a) 

(Distributive  law) 

=  A  +  B  •  ] 

(OR  law  (iv)> 

=  A  +  B 

Same  way  we  have 

(AND  law  (ii)) 

A  +  AB  =  A  +  B 


Boolean  Algebra  arid  Logic  rjatfes 


(ili)  A  •  (A  +  B)  =  A. 
Proof :  A  •  (A  +  B) 


i 


=  A  •  A  +  A  •  B 

(Distributive  law) 

=  A  +  A  •  B 

(AND  law  (iii)) 

=  A  •  1  +  A  •  B 

(AND  law  (ii)) 

=  A  •  (1  +  B) 

(Distributive  law  ) 

=  A  •  1 

(OR  law  (iv)) 

=  A 

(AND  law  (ii)) 

(iv)  A  •  (a  +  b)  =  A  B 

> 

Proof:  A  •  {a  +  b) 

=  a\a  +  a  b 

(Distributive  law) 

=  0  +  AB 

(AND  law-  (iv)) 

=  AB 

(OR  law  (i)) 
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Summary  of  Boolean  laws  and  Theorems  Let's  summaries  all  the  laws. 


(1)  A -0  =  0 

(2)  A  •  1  =  A 

(3)  A  •  A  =  A 


AND  law 


(4)  A  •  A  =  0  J 
Commutative  law 

(5)  A  •  B  =  B  •  A 
Associative  law 

(6)  A  •  (B.C)  =  (A  •  B)  •  C 

Distributive  law 

(7)  A  •  (B  +  C)  =  A  •  B  +  A  •  C 
More  laws 

(8)  A  •  (A  +  B)  =  A 

(9)  A  •  (a  +  b)  =  AB 

(10)  A  =  A 

Demorgan  theorem 

(11)  A  •  B  =  A  +  B 


(12)  A  +  0  =  A 

(13)  A  +  1  =  1  A  +  l  =  1 

(14)  A  +  A  =  A 

(15)  A  +  A  =  1  _ 

(16)  A  +  B  =  B  +  A 

(17)  A  +  (B  +  C)  =  (A  +  B)  +  C 

(18)  A  +  (B  •  C)  =  (A  +  B)  •  (A  +  C) 

(19)  A  +  AB  =  A 

(20)  A  +  AB  =  A  +  B 

(21)  A  +  AB  =  A  +  B 

(22)  A  +  AB  =  A  +  B 

(23)  A  +  B  =  A  '  B  ____ 


Tabic  3.10 


Duality  Theorem 


^/fhe 


^/fhe  duality  theorem  states  that  starting  with  a  particular  relation,  the  other  Boolean  relation  can 
rived  by, 


(i)  Replacing  OR  sign,  with  AND  sign. 

(ii)  Replacing  AND  sign,  with  OR  sign. 

iii)  Complementing  0's  and  1  's  in  the  expression. 


Scanned  by  CamScanner 


I 


4f 


* 


/  ' 


Digital 


3-23 


Boolean  Aly*bi«  arid 
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3,6  Perfect  Induction  : 

i 

.0  «**» « .  „,.„ki„,  „„„ 


s\n 


(0 


(A  ♦  B)  (A  ♦  B)(A  ♦  B)  (  A  ♦  B,  *  0 
°*  :  Since  only  two  variables  A  a 
0)  A  =  0.  B  =  o 


and  B  arc  given,  wc  have 


LHS  =  (0  +  0)  (0  +  o)  (0  +  o)  (5  f  ^ 

=  ()U  +  0)  (0+  i)(i  +  ,) 
*0*1-1.! 

=  0  =  RHS 
(i«)  A  =  0.  B  =  | 


LHS  =  (0  +  1)  (0  +  i)  (0  +  7)  (0  +  j> 
*  1  (I  +  0(0  +  0)(l  +0) 


=  110 
*  0  -  RHS 
(ui)  A  =  I.  B  »  0 


1 


LHS  =  (1 +0)(1 +0)(1 +0)(I  +  <j) 
*  1  (0  +  0)(l  +  1)(0+  1) 

=  1-011. 

=  0  =  RHS 
(iv)  A  =  1.  B  =  I 

LHS  =  (1  +  I)  (7  +  1)  (1  +  7)  (7  +  1) 
=  1  (0  +  1)  (1  +  0)  (0  +  0) 

=  11*10 
=  0  =  RHS 

The  given  expression  is  valid. 


(if)  AB  +  AB+ABC  =  ABC*AB*BC 
1  Soln. :  Since  three  variables  A,  B.  C  are  given,  we  have  : 

(i)  A  =  B  =  C  =  0 

00  +  00  +  000*000  +  00+00 
0  +11+100=001+11+0 
0  +1  +0  *0  +1+0  True. 

(ii)  A  =  0,  B  =  0.  C  =  1 

'  00+00+001-001+05+01 

-  o  +  1 1+101*000+11+0 

_ _ .uj.fY ,  r4*-  1  •  -+4V-*  ,«*>  I  ,  *+0_  Tme 
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01  +  01+01 1 -oil  +  ol  +  i  1 

o  +  io+i  11  =  010  +  10  +  1 
0  +  0  +  1  *o  +  0+  l  Tni< 

(v)  A  =  1,  B  =  0,  C  =  0. 

io  +  io  +  Too  =  100  +  10  +  00 
0  +  0  1  +000=  1  0  1  +01+0 

0  +  0  +  0  =  0  +  0  +  0  True 

(vi)  A  =  1,  B  =0,  C  =  1. 

i  o  +  T o  + 1 o-4  =  i  oI  +  To  +  o  i 
0+01+001=  100+01+0 
0+  0+  0=  0+  0  +  0  Tme 

(vii)  A  -  1,  B=l.  C  =  0 


* 


11+11+110=110+11+10 
1+00  +  0  10=1  II +00+  1  0 
1+0+  0=  1+0  +  0  Tnie 

(viii)  A  =  I,  B  *  1,  C  =  1 

li+TT+Tii-ii I + I I + i i 
1  +00  +  0  1  1  =  1  1  0  +  00+ 1 
1+0+  0*  0+0+1  Tme 

Given  expression  is  verified 


3. 7  Reduction  of  Logic  Expression  using  Boolean  Algebra : 

In  this  section,  Boolean  expression  will  be  given  to  you  and  you  will  be  asked  to  minimize  Or  reduce 
H.  What  do  you  mean  by  reduction  or  minimisation  ?  If  you  have  Boolean  expression  which  is  not 
minimised  and  if  you  built  hardware  or  circuit  with  the  help  of  that  expression,  then  muriber  of  Integrated 
Circuits  (ICs)  required  will  be  more.  As  hardware  is  more  reliability  reduces  and  also  cost  of  product 
increases.  Therefore  one  has  to  minimise  expression  in  such  a  way  that  hardware  required  will  be  less. 
Basically  we  have  three  technique  for  minimisation : 

(1)  Reduction  of  logic  expression  using  Boolean  algebra. 

(i  e  we  are  going  to  use  the  Boolean  laws,  and  we  will  reduce  the  expression.) 

(2)  Kjmaug))  Map  (K-Map)  \  w*willa,«l.ini.«rh«.™ 

O)  Quine  Me  duty  method  /  We  wUI  *mdjr  in  later  chapten. 

Let's  solve  some  examples  to  reduce  Boolean  expression  using  Boolean  laws. 
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Reduce  following  . 

(')  A  A  B  C 
(ni) 


Boolean  Algebra  and  Logic  Gate 


'  A  •  A  •  a 

M  w  +  vv  +  x 

<vi|)  w  +  x  +  i 
('*)  AA  +  BB. 

Sol",  AC+ABBg  _(*0,e  :  Ref*'  Table  3 

=  A-b  ■ C  =  a  B  C 
A-BBB-C 
=  A  B  c 


(ii)  A  B  B  B  C 
(iv)  A  •  i  •  A 

(vi)  w  +  x  +  x  +  x 

(viii)  W  +  W  +  X  +  X  +  X 
(x)  AA  +  BBB 
10). 


(«) 


(«i)  A  A  A  A 
=  A  A 
=  0 

(iv)  A  •  1  •  a 
=  A  •  A  •  1 
=  A  •  1 

=  A 

(v)  W  +  W  +  X 

=  w  +  x 

(vi)  W  +  X  +  X  +  X 
=  W  +  x  +  x 

=  W  +  x 

(vii)  W  +  X  +  1 


=  W  +  1 
=  1 

(viii)  W  +  W  +  X  +  X  +  X 
=  w  +  X  +  X 
=  w  +  x 


(Law  (3) ) . 
(Law  (3) )  - 

(Law  (3) )  - 
(Law  (4)  )- 

(Law  (6) )  - 
(Law  (3) ) 
(Law  (2) ) 

(Law  (14) ) 

(Law  (14)) 
(Law  (14)) 

(Law  (13)) 
(Law  (13)) 

(Law  (14)) 


A  •  A  =  A 
B.B  B  = 


B  B  -  B 


A’  A  A  =  A  A  =  A 
A  •  A  =  0 

Associative  (Commutative) 


A  +  A  =  A 


(ix) 

AA+BB 

=  A  +  B 

(Law  (3)) 

(X) 

A  •  A  +  BBB 

=  A  •  A  +  B 

(Law  (3)) 

=  0  +  B 

(Law  (4)) 

=  B  +  0  =  B 

(Law  (12)) 

(xi) 

BC  +  BB  C 

=  BC  +  0  •  C 

(Law  (4)) 
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OR 

BC- BBC 

=  b<Hi+b) 

=  BC(I) 

=  B  •  C  •  l  =  Q  C 
Reduce  folowing 
(')  A  -*•  AB  ♦  ab 
('i')  A3D  +  ABD  ♦  15 
(v)  (AS  ♦  C)  •  (AS  ♦  D) 

Soln. : 

0)  A  +  ABiAB 
=  A+AB+AB 
=  A  (I  +  B)  +  A  B 
=  A- I^AB 
=  A  +  AB 


_3-26_ 

(La\v(i)) 

(Law  (12)) 


(Law  (7)) 
(Law  (13)) 
(Law  (2)) 


'^5^^!a^raji^L0gjc 


Gait 


(»•)  AB  +  AB  +  AB  ♦  AB 
(iv)  WX  (W  +  Y)  +  WY  (w  +  x) 


=  A  *  B 


(ii)  AB 
(2) 


AB  +  AB 

fl) 


Commutative 
(Law  (7)) 
(Law  (13)) 

(Law  (2)) 
(Law  (20)) 

AB 


(2) 


(Adjust  such  that  you  get  variable  common) 
=  AB  +  AB  +  AB  +  AB 

=  b(a^a)  +  b(a  +  a) 

=  B  •  (1)  +  B  *  (1) 


=  B  +  B 
=  l 


Commutath  c 

(Law  (7)) 

(Law  (15)) 

(Law  (2)) 
(Law  (15)). 


(lii)  ABD  +  ABD  +BD 
=  .ABD  +  BD 
=  B  (AD  a  6) 

=  b  (5  +  ad) 

*  b  (6  + a) 

;<•  V-  -V”  ■* 

fe**.  v.;,  7 •.  v. .  ■.-/* :  *  ,  ' 
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(Law  (14)) 

(Law  (7)) 

(Law  (16)).  commutative. 
(Law  (21)) 

-  '  , 


W^w  +  wx.y  +  wyw  +  WyS 

W  X  +  y  y  ,  ,  - 

-WYX  +WWY+  WYi( 

WX+WYX+W.^y 
=  v|+^y  +  0.y 
=  wX(l+Y)  +  0 
*  “  Wx., 

“  wit 

(V)  (AB+cxab+D) 

r  AB- ab  +  ab.d  +  ab.c  +  c-d 

AB  +  ABD  +  ABC  +  CD 
AB  (1  +  d  +  C)  +  CD 
=  AB  •  l  + CD 
=  AB  +  CD 

Ex-  3  :  Prove  following  .  ~  ~ 

(0  AB  +  ABC  +  AB  =  A. 

(")  (B  +  A)  (B  +  D)  (A  +  C)  (C  +  D)  =  BC  +  AD 
(Hi)  (A  +  B)  A  i  C  =  A  +  B  +~C 

Soln.  : 

(i)  AB  +  ABC  +  AB  (L.  H.  S.) 


-&2olean_Algebra 


HlLoa^Gates 


(Law  (7)) 

(Law  (3)) 

(Law  (14)) 

(Law  (4)) 

(Law  (7)  and  (1)) 
(Law  (13)  and  (12)) 
(Law  (2)) 

(law  (7)) 

(Law  (3» 

(Law  (7)) 

(Law  (13)) 

(Law  (2)). 


=  A  •  B  •  (C  +  1)  +  A  B 

(Law  (7)) 

=  A  •  B  •  1  +  A  B 

(Law  (13)) 

=  A  •  B  +  A  B 

(Law  (2)) 

=  a-(b+b) 

(Law  (7)) 

=  A-  1 

(Law  (15)) 

=  A  (R.  H.  S.) 

(Law  (2)) 

rti)  (B  +  A)  (B  +  D)  (A  +  C)  (C  +  D)  (L.  H.  S.) 

=  (BB  +  BD  +  AB  +  AD)  (AC  +  AD  +  CC  +  CD) 

(Law  7) 

=  (B  +  BD  +  AB  +  AD)  (AC  +  AD  +  C  +  CD) 

(Law  3) 

*  [B  (I  +  D)  +  AB  +  ADJ  [C  (I  +  A)  +  AD  +  CD] 

(Law  7) 

*  [B  +  AB+ADJ|C  +  AD  +  CD| 

(Law  13) 

I  6  * 


Scanned  by  CamScanner 


D»3tt*i 


*caa=a*l*s,*c=a 

•  — ■ - — _ 

3-28 

m 

,B(I  ♦  A)  +  ADJ  (C  (1  +  D)  + 

ADJ 

m 

IB  >  AD|  (C  +  ADJ 

am 

BC  v  BAD  +  ADC  +  AD  •  AD 

as 

BC  +  BAD  +  ADC  +  AD 

m 

BC  +  AD  (B  +  C  +  1) 

ML 

BC  +  AD  (R  H.  S  ) 

Bn)  (  A 

+  B)  A  B  C  (L  H  S  ) 

SB 

ABC-AfABC*B 

(Law  7) 

m 

ABC  ♦  0 

(Law  3  and  4) 

ABC 

(Law  12) 

m 

a  +  b  +  c 

(Law  11) 

*  x.  4  :  Prove  following 

(i)  A  B  C  ♦  AC  D  ♦  CA  =  AC  ♦  CD  ♦  A8  ♦  AD 


(A  »  AB)  (C  ♦  D)  =  AB  ♦  C  D 
(A  ♦  B)  (A  ♦  C)  (B  ♦  C)  =  (A  ♦  B)  (A  ♦  C) 

Soln. : 


ABC  f  AC  D  ♦  CA  (L  H  S) 

ABC  *(a+c)d+CA 

(Law  11) 

11  AD  ♦  CD  ♦  A  (f  ♦  Be) 

(Law  7) 

AD  +  CD  +  A  (c  +  §) 

(Law  22) 

AD  ♦  CD  4  AC  f  AB 

•-*  K  H  S 

(Law  7) 

"'J  (A  ♦  AB)(C  +  D)  (LII  S) 


(A  ♦  B)(C  *  D) 

(Law  20) 

v  lA  +  B  J(C  +  D) 

(Law  11) 

-  AB  ♦  C  6 

(Law  23) 

\B  *•  CD 

(Law  10) 

Boolean  Ajflebfaand  Lo 


\ 


(Law  7) 
(Law  13) 
(Law  7) 
(Law  3) 
(Law  7) 
(Law  13) 
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Digital 


(“,<a*b,(a  +  c)(B  +  C)  (Lhs) 

<A  +  B>(AB^C  +  bc  +  cc) 

(A  +  B)(ab+ac  +  Bc  +  c) 

<A  +  B)  [ab  +  c(a  +  b  +  i)J 
(A  +  B)  (ab  +  c) 

A  •  AB  +  AC  +  ab  .  B  +  Bc 
0  +  AC  +  AB  +  BC 
AC  +  AB  +  BC  +  o 
4  AC  +  AB  +  BC  +  AA 

C  (A  +  B)  +  A  (B  +  A) 

C  (A  +  B)  +  A  (A  +  B) 

=  (A  +  B)(a  +  c)  (R.  H.  S.) 

Ex.  5  l  Simplify  the  following 

(i)  F,  =  AC  ♦  BCD  ♦  ABC  ♦  ACD 

(ii)  F2  =  B  +  AB  +  ACD  +  AC 
(lit)  F3  =  A  +  B  +  CD 


_Boolear 


Atgebra  an<l 


(Caw  7) 

(Law  1) 

(Law  7) 

(Law  13) 

Law  (7) 

(Law  4  and  3) 
(Law  12) 

(Law  4) 

(Law  7) 

(Law  16) 

(Law  18) 


Soln. : 


(i)  F,  = 


(ii)  F2 


AC  +  BCD  +  ABC  +  ACD 
A  [c  +  CD]  +  BCD  +  ABC 
A  [c  +  d]  +  BCD  +  ABC 
AC  +  AD  +  BCD  +  ABC 
A  (c  +  Be)  +  AD  BCD 

A  (c  +  §)  +  AD  +  BCD 
AC  +  AB  +  AD  +  BCD 
A  [C  +  B  +  D]  +  BCD 
B  +  AB  +  ACD  +  AC 
B  A  +  A  (c  +  CD) 


(Law  7) 
(Law  21) 
(Law  7) 
(Law  7) 
(Law  22) 
(Law  7  ) 
(Law  7) 


(Law  7  and  20) 
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Dcmorgan  (Law  21) 


f f; 


'  “Hi  ' 


0fW  I  rr 

''W  C 


S22!S5a^StojndJ;ojic  GatK 


(ii)  ABC  (A  +  B  + 


(Law  (7)) 
(Law  (20)) 


ABC  ^A  •  b  •  c) 

=  (A  +  B+e)(Ag0) 

=  ABC^+ABC.B  +  ABC-C 
AABC+ABBC+ABCC 

=  ABC  +  A  B c 


+  AB  C 


=  ABC+ABC 


=  ABC 


) 


(iii)  (A  +  BC  )  ^AB+  ABC 

=  ^A  •  BC  ^  (  AB  +  A  +  B  +  C) 


=  (abc)  (_a±JL+b  +  c) 
=  (abc)(a  +  b  +  b)  +  c 

=  ABC  •  A  + ABC  •  B +ABC  •  C 
=  ABC  +0  +0 

=  ABC. 


(iv) 


[ABC  +  AB]  +AC 


■( 


AC 


kC.  *'•> 

I 


■it  .  - 

s'- ...  - 


t:  *5 

-i; 

1 


-  - 

«  AB 

' -  V- • ;  f. ... 


ABC  +  AB 

(abc  +  ab)  •  (a  +  c) 

ABC  •  A  +  ABC  •  C  +  ABA  +  ABC 
q  +  o  +  AB  +  ABC 

A§(i  +c)  =  AB  •  1 
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(Law  (23)) 

(Law  (1 1)) 
(Law  (7)) 


(Law  (14)) 


(Law  (23)) 


(Law  (21)) 

(Law  (14)) 

(Law  (3)  and  (4)) 
(Law  (12)) 


(Law  23) 

(Law  11)  dcrC> 


(Law  (4)  and  (3) 
(Law  (12)  and  (6) 
(Law  13) 


- 


%j  ,AL>  ‘ABC)  (ABC) 

'A  B*  ABC)  (ABC) 

(A^  ABC+ABCB  +  ABC  •  ABC) 

-  Ui  j^A  BC  +  O) 

*  ABC 

=  A  +  B  +  C 

Ex.  8  :  Prove  that  /  (X  ♦  Y)  +  Z  ZY  =  Y  ♦  Z 

Soln.  :  L  H  S 

X  (X  -►  Y)  +Z  +ZY 
=  x  •  x  -  X  •  Y  +  Z  +ZY 

*  0  +  x  •  Y  +  z  +  Y 
=  Y  X  •  Y  Z 

=  v  ( i  +  x)  +  z 

=  Y  *  (1;  ♦  Z 
=  Y  +  Z 

- 44 - - - - 

Ex.  $  :  Prove  that  UX  *  X Y  *  YZ  ♦  XZ  =  X  ♦  YZ 

So(n. ;  L  H  s 


Boolean  Algebra  arm 


Ex.  10  :  Simplify  following 

m  (a  +  b*ab)(a  +  b)(ab) 


.  \ 


k9a*  r. 


(Law  (11)) 

(Law  (7)) 

(Law  (4)  and  (3) 

(Law  12) 

(Law  1 1 ) 


(Law  7) 

(Law  4  and  2 1 ) 

(Law  7) 

(Law  13) 

(Law  2? 


WX  *  XY  *  YZ  +  XZ 

(Law  7) 

XW  +  X  (y  +  z)  ♦  YZ 

(Law  1 1 ) 

XW+X.(yz)  +  YZ 

XW  +  i'Z  -*-  (  YZ  )  •  X 

(Law  20) 

XV/  +  YZ+  j£ 

(Law  7) 

X  (Wf  +  J)  +  Y  (Z) 

(Law  13) 

X  +  YZ 

=  (a  +  B  +  a)  (a  •  AB  +B  •  A  b)  (Law  (21)  and  (7) 
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» 

i 


'  (A  +  B)  .  (0  +  0) 

"  (a*b).0 
■  0 

<">  (AB  *  C)  (AB  *  CD) 

ABAB  4  ABcd  + 

-  ab  *  abcd  4  ABr  fcc;cc° 

;  AB(i^D4C)4cD 

A  •  B  •  i  +  ('Q 
*  AB  +  CD 


l 


,^~33 


— - ®?olean 

(L®w(U)and(4) 

(Law  (13) 


(Law  3) 
(l-aw  7) 

(Law  |3) 
(Law  2) 


Mn  Ai9eb^'"dioait 


Gates 


(.11)  AB  *  AB  *  AB  4  AB 

*  AB  ♦  AB  ♦  1 

*  I 

(iv)  XW  +  (XY  +  Y)  X 

XW  -f  XXY  +  XY 

*  XW  ♦  XY  +  XY 

*  XY  +  XW 


(Law  15) 

(AB  *  x  x  +  x  =  1) 
(Law  13) 


(Law  7) 
(Law  3) 


(V)  (AB  ♦  ABC)  (ABC) 

“  AB  (1  +C)(AB  C) 

(Law  7) 

»  (AB)  (ABC) 

(Law  13) 

-  ABABC 

(Law  4)  - 

-  0 
*  1 

Uptill  now  we  have  solved  some  examples  bul  we  haven't  drawn  final  circuit  Now  let’s  solve  some 
examples  to  minimise  Boolean  expressions  and  finally  draw  the  circuit 

EJt7Tl  :  T>*ir»g^ul«s  of  Boolean  algebra,  solve  example  and  (implement  using  gates  Draw  circuit 
diagram  neatly 

*1,)  (A  4  BC)  (b  ♦  c  a) 

„„  y  s  ABCO  ♦  ABCO  ♦  ABCO  ♦  ABCD  ♦  ABCD 

(ui)  Y  *  AD*  CD  •  BO*  CO  | 

^"4  ■  f  *S4*| 
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W  abcd*abcd*abcd*abcd*abcd 

-  ABC  (D  ♦  D)  ♦  ABC  (D  ♦  D,  ♦  ^CD  (U. .  „ 
*  ABC  •  1  ♦  ABC  •  1  +  ^CD 

-  ABC  ♦  ABC  +  ABCD 
"  AB  (c  +  c)  ♦  ABCD 
’  AB  +  ABCD 

*  A  (b  -f  B  CD) 

*  A  (B  +C  •  D) 


(Law  15) 
(Law  2) 


A  (B  *  CD) 


(ill)  AD  ♦  CD  BD  ♦  CD 


Fit.  3.25 


*  AD  ♦  CD  +  BD  +  CD 

*  AD  +  CD  ♦  BD  +  CD 

*  BD  ♦  AD  ♦  CD  ♦  CD  =  AD  ♦  BD  ♦  1  =  1 

12  :  Simplify  expression  and  draw  ofccuit 

(I)  y*a^b»c(ab»ac)\ 

(•)  v  =  <x  ♦  (x  ♦  y  ♦  z) 


VW 

\ 


’!  V 
\ 
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•  :  (0  Y  =  {ab  - - __  >  l  (A  B)  I  A  B 

(.A  B  +  C  (  AB?ac)\ 

A(B  +  ctAB  • 

4fS*c((**s)-(i.c))] 

•  4[»*c(ii.i6.is,ie)j 

aLb  +  c(a(i  +c  +  i)  +  5  0^J 

=  A[B  +  c(A-1+ia)J 
A  [b  +  AC  +BC  •  c] 


*  A 
=  A 

=  A 


=  A[ 


~  A  [b  +  AC  +  o] 

=  AB  +  A  •  AC 
=  AB  +  0  =  AB 

(ii)  Y  =  pC  +  Z)  (x  +  Y  +  z) 

=  X-X  +  XY  +  XZ  +  XZ  +  YZ 

=  o  +  xy  +  xz  +  xz  +  yz  +  z 

=  XY  +  Z  [x+X  + Y+ l] 

=  XY  +  ZflJ  =  XY  +  Z 

(iii)  Y  =  C  ^  ABC  +  ABC^ 

=  c(a  +  b  +  c  +  abc) 

=  A C  +BC  +  C  -  C  +  ABC  •  C 
=  AC+BC  +  O  +  ABC 
=  AC  +  BC  (1  +  A) 

=  AC  +  BC 

*  c  (a  +  b) 


Demorgan 

Demorgan 


Fig.  3.26 


Fig.  3.27 
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-  <*. 


(iv)  Y  = 


(a  +  b)+^a+b)  +  (ab)  (ab) 


(a  +  b)  •  (a+b)  +  AB 

=  (A  +  b)  (a  +  b)  +  AB  +  AB 
AA  +  AB  +  AB  +  BB  +  AB  +  AB 
=  0  +  AB  +  AB  +  0  +  AB  +  AB 

=  a(b  +  b)  +  a(b  +  b) 

=  A  ( I )  +  A  (1)  =  A  +  A  =  I 
No  gales  required,  directly  connect  O/p  to  Vrr. 


AB 


Ex.  13  :  Write  dual  of  the  expression  given  below  and  prove  its  validity  by  Boolean  algebra 
(a  +  b)  (5  +  c)  (b  +  c)  =  (a  +  b)  (a  ♦  c) 

Soln.  :  To  find  dual  we  replace  AND  by  OR  and  Vice  Versa,  and  complement  0's  and  I  s 
ab  +  ac  +  be  =  ab  +  ac 

R.  H  S.  ab  +  ac  =  ab  •  1  +  ac  -1  =  ab  (c  +  1)  +  ac  (b  +  1)  =  abc  +  ab  +  abc  +  aC 

“  ;*bc  +  abc  +  ab  +  ac  =  be  (a  +  a)  +  ab  +  ac 
=  ab  +  ac  +  be - >  (L.  H  S) 

3.8  Deriving  Boolean  Expression  from  Given  Circuit : 


Under  tius  section  circuit  will  be  given  to  you  and  you  have  to  find  out  or  derive  Boolean  expression 
The  method  to  write  Boolean  is  very  simple.  You  start  from  i/p  side  (normally  left),  and  go  on  writing  o/p 
expression  of  each  gate  till  you  reach  final  o/p  terminal  (normally  Y).  Here  switch  n/w  will  be  also  given 
to  you  I  hope  you  remember  AND/OR  circuit  using  switches. 

Let's  sec  some  examples. 


14  :  Write  down  equation  for  output  Y  for  the  circuit  shown  in  Fig  3  28  (A) 
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Bulb 


Soln.  :  As  shown  in  Fig.  3.2X  (A)  switches  A  and  B  forms  OR  m,  and  c  ,s 
equation  is  Y  =  (A  +  B)  •  C 
Refer  Fig.  3.29. 


in  senes  forms  A.NI)  i>;ttc 


ao — tr  n.  a  ♦  n 

o  ° — S  1 


O/P  Y  Co- 


Ca15  ;  Write  down  equation  tot  switch  circuit  shown  in  Fig  3  30 

(0 


Soln. :  Y  =  AB  +  •  -  F|  ,  3i 

Equivalent  circuit  is  sltcn 

■  *■  .  .  . 

Scanned  by  CamScanner 


Booi««n  Atgwbr#  arid  1 


(ii) 


Soln.  :  Always  start  from  inner  loops 

Y  -  D  £a(BC  + D)  +  B  (c +6)]  «  D  [aBC  ♦  AD  ♦  BC  ♦  Bd] 
-  ABCD  +  BCD  ♦  BD 


Fif,  3.33 
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Soln.  :  Rearranging  the  circuit  we  k 


get. 


- o  2 

B 

A  A  D 

A  °  1  °  D  ° 

A  B 

- CJ  o - - J 

A 

Fig.  3.37 

Fig.  3.38 

-o2 


Starting  from  input  we  have. 


B  OR  )A  AND 


C AND  B)  I  OR 


)] 


1 


£d  0R(< 

(a  AND  [b  OR  (c  AND  d)  OR  (c  AND  A  AND  b)] 
.*•  Y  «  B  +  A  (d  +  Be)  +  A  (B  +  CD  +  ABc) 


Ex.  16  :  Write  down  Boolean  expressions  for  given  digital  circuit. 

(*) 


Ao- 


Bo- 

Co- 


£> 


£> 


A  ♦  B  ♦  C  =  Y 


Fig.  3.39 
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1 


S°,n'  :  'npul  10  AND  '  B  A.  B  and  C 
,nPul  *°  ORJ^pofAND  , 
•  '  Final  |  Y^AB^Td] 


f»K.  3.40 

•  •  0/P  of  AND  I 
and  D 


■  ABC 


Fig.  3.41 

(1)  0/p  of  OR  I  is  A  +  B. 

(2)  0/p  of  JNV7  is  A  +  B 

(3)  0/porOR3  isE  +  F 

(4)  0/p  of  AISTD5  is  CD  (E  +  F)  G 

(5)  0/p  of  fNV6  is  CD  (E  +  F)G 

Final  o/p  is  i 
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(iv) 


»'•  -qu,„on  (or 

u°otftan  identity 


outPu»  X  for  th. 


circuit  shown 


•f.  f  ig 


/•  ly *rhif ;j  |  ,,y(,  r 

}  M(fitffM\*»  th*  «KJU«t>Oft  using 


Soln. : 

0)  O/p  of  IN VI  is  -•  >  A 

(2)  0/pofINV2is »  B 

H)  O/p  of  INV1  is - >  C 

(4)  O/p  of  INV4  is - >  A 

(.5)  O/p  of  IN  V5  is - »  A 

/.  O/p  of  AND6 - >  ABC 

O/p  of  AND7 - >  ABC 

O/p  of  AND8 - >  ADB 

/.  Y  -  ABC  +  ABC  ADB 
»  bc(a  +  a)  +  adb 

-  BC(I)  +  ADB 

-  ADB  ■»>  BC 

\  Circuit  is  as  shown  in  Fig  3.43. 


Fig.  3.42 


Fig,  3.43 
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So'n.  :  Here  bubble  represents  Invent, on 

o/p  of  gate  l - >  ^  +  B 

0/P  of  gate  2 - >  c  •  6 

0/pofga,e3-_  Y-(a  +  b).(c.6).E 

=  cde(a  +  b) 

^^^^-^-Qj!le--Exclusive  NOR  Gate : 


EX-OR  gale  and  Fig*  ^45  (bubl«  ^  ^  F'g  3  45  W  shows  * 


s>mbol  o| 


Y=  A  ©  B 


Inputs 

Output 

A 

B 

Y 

0 

0 

0 

0 

1 

, 

1 

o 

1 

1 

0 

Fig.  3.45 

As  shown  in  truth  Tabic  O/P  Y  is  function  of  minterm  1  and  2  i.e.  Y  =  AB  +  AB.  This  can  be  also 
written  as  A  ©  B.  Where  © - >  sign  for  EX  -  ORing. 

f  Basic  Property : 

The  property  of  the  gate  is  O/P  is  HIGH  only  if  'odd'  number  of  inputs  arc  at  logic  T.  If  'Even' 
numbered  are  present  O/P  is  logic  ‘O'. _ _ _ _ — - - 

Fig.  3.46  shows  equivalent  circuit  for  EX-OR  using  AND.  OR  and  Inverter. 
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D  Fig.  3.46 

Presently  wo  h'«/A 

reading  ttK  gmcs  T|K  Tab'e  of  2  ,  XOR  gate  Wc  can  .ncrcasc  number 

ln,lh  Table  ,s  shown  F,g  147  for  3  jnpu,  XOR 


of  inputs  by 


Fig.  3.47 


Input 

H  i  Output 

A 

B 

c 

Y 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

I 

0 

1 

0 

0 

1 

I 

0 

1 

0 

1 

I 

0 

0 

_ \  J 

1 

- - - 1 

_u 

1 

0» 


Caiel^Onrt  N°W  Vil1  sec  tews  for  EXOR 
c  1  •  terminal  tied  to  V 


p=S>3.. 

vcc 

(a) 

O*  3.4*  (a)  shows  one  of  the  temiinal  of  XOR  !s  tied  t0  v 
temiinaJ. 

(a)  WhenA  =  0,0/PY  =  A®l=oei-| 

(b)  When  A-l,Oipy-Aei-iei,0 

<W!““  “-V  J  —  -  »*«■». «  raw  a  «.  „ 

rig.  3.4*  fb|  |v-a®i-a|  •  sho"n 


_  Ir 

puts 

Output 

A 

_  Logic  1 

Y 

0 

1 

1 

1 

_  1 

0 
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1 

%  k 


CSL 
Logic  ’O' 
(Ground) 


O/P 
Y  =  A  ©o 


(a) 


3.49  (a 

another  terminal. 


F»g.  3.49 


In 

>uts 

Output 

v  I 

A 

Logic  'O' 

0 

0 

1 

0 

1 

^  vvr 

(a)  When  A  =  o  q/P  v  -  a  m 

<b>  Whc„A  =  |;o/pY:*|"  =  0®0  =  0 
..  Ofrjo llowsjnpy.s  A  ®  0  -  1  ®  0  =  1 


is  given  to 


lX^A©0_^Ai 

**  One  I/p  js  inversion  Gf  0(hcr. 


Fig.  3.50 


(a) 

(b) 


When  A  =  0,  O/P  Y=a®a=o®i=| 
When  A  -  I,  O/P  Y  =  A  ®  A=l®o=| 
V  =  A  ®  A  =  71 


,sc  ;  inputs  are  shorted. 


O/P 

=  A  ©  A 


(a) 

Fig.  3.51 

i)  When  A  =  0.  O/P  Y  =  A©A  =  0©0  =  0. 

»)  When  A  =  1,  O/P  Y  =  A®A=1©1=0. 

Iv  =  A®  A  =  0 


Inputs 

Output 

A 

_  A 

_ Y 

0 

1 

1 

1 

0 

1 

(h) 


Inputs 

Output 

A 

A 

Y 

0 

0 

0 

1 

1 

0 

(b) 
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'  a  se  V 


_3~4C 


(a) 


. 1 

Input 

Output  ! 

A 

B 

Y  -  A  0  B 

0 

0 

1 

0 

l 

0 

J 

0 

o 

1 _ 

J _ 

_ i — ! 

to) 


Fig.  3.52 

0/P  of  Ex-OR  gate  is  Inverted  using  TMOT  gate  Y  *  A  %  B  -  AB  ♦  AB 
Let  s  simplify  the  same 

Y  AB+AB  =  AB  •  AB  =  (a  +  b)  •  (a  +  b)  -  (a  +  b)  (a  +  b) 
1_Aj_A  +  iB  +  AB  +  BB  «  0  +  AB  +  AB  +  0 
Y  =  AB  +  AB 


T.  f S  ??  Is  Inverted  is  also  called  as  EX-NOR  gate,  where  V'  in  EX-NOR  represents  'NOT  gate 
The  truth  Tabic  is  shown  in  Fig.  3  52  (b).  EX-NOR  symbol  is  shown  in  Fig  3  52  (ay 
O/P  Y  for  EX-NOR  =A0B=A©B 

Property  of  EX-NOR  gate  : 

Property  of  EX-NOR  is  exactly  Invert  of  EX-OR  i  c 
(1)  Y  =  A  ©  1  =  A  (2)  Y  =  A  ©  0  =  A 

O)  Y  =  A  0  A  =  0  (4)  Y  =  A  ©  A  =  1 

WE  get  EX-OR  gate  in  DIP  form.  The  IC  number  is  74H6. 
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i>X> 

3I> 
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Ex.  10  .  Show  that  the  expression 
function 

Soln. ;  f  *  (  A  B  .  a  n  ) 

A  H  ♦  A  B 


FHr  3.54 


1  ~  (AB)(AB)  ,s  equivalent  to  the  exclusive  OR 


I  _  A  H  ♦  A  B  ,  f*j 

Ex.  19  :  Implement  following  using  EX-OR 

F  -  A  B  C  ♦  ABC  *  ACD  ♦  ACO 
Soln.  :  F  «  ABC  ♦  ABC  ♦  AH)  *  ACD  - 


A  B  ♦  a  B 
A  *  A 


For  EX 


c  *  ABC  4  ABC  ♦  ACD  *  ACD  -  A  (bC  ♦  Be)  ♦  A  (CD  ♦  Ct>) 
A  •  (B  ®  C)  ♦  A  •  (C©  l» 

(-NOR  p.ite  complement  equation  tutcc 


*  A|BeC)  +  A(Ce  D) 


I  s c  Dcmorgan 


=.  A  (B  ®  C)  (  A(C®Dl  ) 

-  Fa* (  Bee  >  ][  a  ♦  ( c  e  o  >  J 

„  (A  *  iB  ©  Cl)  (A  *  (C  O  D|) 

Flgurt  for  Equanons  (I)  and  (2)  are  sho«n  in  Fip  1  55  (a)  and  <b) 


(2) 
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Fig.  3.5'  <«) 


Fig.  3.55  (b) 


Ex.  20  :  Show  how  you  can  tmpi#m#nf. 

Y»A$B®C®  D  ui'09  thr«#  Ex-OR  ga’*» 
Solo.  :  Using  X  OR  g.itcv 


Fig.  3.56  (a)  Fig.  3.54(b) 

Or,  V  *  (A  ©  B)  ©  (C  ®  D) 

3.10  Universal  Logic  Gates : _ 

ft  is  possible  to  implement  AND,  OR.  INV  (NOT),  XOR,  XNOR  gates  using  one  member  sets 
NAND  and  NOR  Thus,  using  these  gates,  one  can  realize  any  given  logical  expression  As  a  result  they 
are  known  as  Universal  logic  gates  Let's  first  see  sy  mbol  and  truth  Table 
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dr 


one 


single  \ atiablc) 


(niplernentati 


mPl"  is  Co,nP|cmcnt  of  tine  other) 


3l1-1  Use 

(0  NOT  gate  • 


onofotherGates 


NAND  *o  Implement 


using  Universal  Logic  Gates  : 


all  Gates  : 


Equation  for  NOT  gate  is  Y  =  a 

u’e  to  short  inputs  of  w  am,.  nvcrtcr  ac,s  onl.Y  on  Single  variable.  But  NAND  has  two  inputs. 

Y  =a  A  B  — "" - J>a,c  *°  **  single  variable 

O/P  v  A  A  -  a  (Law  3).  Single  variable  B  =  A 

is  complement  of  input  Observe  Fig  3  59. 


A* - £>> -1=* 


oo 


AND  gate : 

Equation  for  AND  is  Y  =  A  •  B 
Equation  for  NAND  is  Y  *  A  •  B 


A 

9- 


6- 

B 


Y  =  =  S 


Fig.  3.59 


(VI) 
(3  2) 


Observing  these  two  equation  «c  conclude  that,  if  we  Invert  O/P  of  NAND  we  can  get  AND  gate 


i  e  Y  »  A  •  B  *  A  •  B 


But  here  we  arc  going  to  use  NAND  only  An  Inverter  using  NAND  can  be  implemented  just  bs 
starting  two  inputs  (Law  3  of  NAND) 

Circuit  is  as  shown  in  Fig  3  60. 


A° N  V  =  A«B 

B° J~ 


Ao- 

B 


GQ 


V  e  -  A  •  B 

~o 

V  =  A  •  B 


V 


Fig.  3.60 


iii)  OR  gate  using  NAND  only  : 

Equation  for  OR  is  Y  =  A  +  B  _ 

Equation  for  NAND  is  Y  =  A  •  B  (use  demorgan  to  simplify) 
/.  O/P  of  NAND  is  Y  =  A  B 


°A  +  B  .0.4) 

Observe  Equations  (3.3)  and  (3.4).  the  onlv  difference  is  inputs  arc  complemented,  if  we  already 

provide  complemented  inputs,  O/P  will  he  same  as  that  of  OR  gate. 

Fig  1.61  shows  the  circuit 
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3.11.2  Us.  NOR  to  Impl.m.nt  all  th.  Gate,  : 

(0  NOT  etc  :  R,,ulmn  for  NOT  Y  -  A  «,n*k  tan.**, 

"  “  ohv‘om lh:"  ‘hould  shon  ‘"P*  modi  of  NOR  ... 
Y»  A  +  B  ,  as  B  ■  A  V  »  A*  A  -  A I  lew  I  of  M)R  a.t 
The  circuit  »i  ,\s  shown  in  Fig  3  62 


A*- 


Y.JS 


-ni> 


l,  k  K 


Fig.  3.62 


(ii)  AND  gate : 


Fig.  3.63 


Equation  for  AND  is  Y  *  A  •  B 

Equation  for  NOR  »s  Y  -  A  ♦  B  Use  Demerge  s  theorem 
Y  “  A  *  B 

Compare  Equation  (3  5)  and  (3  6)  you  can  conclude  that  inputs  lo 
should  provide  already  complemented  input  Refer  Fig  3  63 
(id)  OR  gate  =  Simply  complement  O/P  of  NOR.  you  will  get  OR  gale 
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Now  Fig.  3.64 

"  'U  ^  8°lng  10  in'P,ement  given  expressions  using  NAND  and  NOR  gate 

— — — !jI!£lggientation  Using  NAND  Gate _  _ _ _ 

There  are  two  methods  to  implement  am  given  Boolean  expression  using  NAND  gate 
Method  I :  The  steps  are  as  follows _ 

Step  I  .  Draw  AND,  OR  and  INV  circuit  for  given  Boolean  expression 

ii)  Step  II  :  You  have  already  built  standard  blocks  for  AND.  OR  and  INV  using  NAND  Simply  go  on 

replacing  it  by  standard  block. 

Step  HI  :  Check  for  any  double  Inversion.  Remove  if  any.  Because  double  inversion  (a)  is  variable 

_ itself  (A),  _ _ 

Let’s  see  example  for  same. 


Implement  IJ  +  K1  using  NAND  only. 

The  circuit  using  AND/OR  is  shown  in  Fig.  3.65 


AND  1 


Fig.  166 
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by  standard  block  as  shown  in  Fig.  3.66.  If  you  observ  e  Fig  3.66  NAND 
.  ersion,  These  two  gates  can  be  eliminated.  /.  we  get  reduced  form  as  show  n 


nod  you  have  to  simplify  equation  and  bring  down  it  to  form  A  •  B  ,  so  that  it 
by  NAND  gate.  Only  you  should  take  one  precaution  that  you  don't  manipulate 

ression,  you  simply  double  complement  the  equation,  for  e  g.  take  1J  +  K.L 
■K.  •  L  =  I  •  J  •  K  ♦  L 

=  (x=TT.v=IT) 

— >  NANAD 1 

— >  NAND  2 

l  AND  3 
mi  in  Fig.  3.67. 

following  expression  using  NAND  gate 
+  AB  (ii)  Y  =  X  +  WZ  (lii)  Y  =  C  •  (A  +  B)  •  D 


AB  +  AB  =  AB  •  AB 
show  n  in  Fig  3  .68  (aV 
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(i 


Hor.ln^n  AijftU*  am  (  ^  ',**■> 


In  Kinvlc  \anabk) 
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(M>  V’Xfw 


3-54 


W/ 


X  4  Wz 


Boolean  Aig*bf»  «nd  Logic  G»Us» 


X  ‘  WZ  The 


C,rt,,rt  “  a  shown  in  Ft#  T68  (b) 


(HD  Y  *>  C  •  (A  ♦  B)  •  D 


Fig.  3T.8  (h) 


r  ,^°'C  c<lu,,,l°"  wc  double  cornplemcni  equation  and  simplify  it.  AND  will  be  converted  to 
tlic  steps  arc 

Y  *  A  +  B  )J  D-[c  +  A  •  b]  •  D 

C  +  AE)  •  D  -  C  •  AB  •  D  -  (  •  AB  •  D 


NAND  6  is  used  lo  adjust  Iasi  sign  of  complement 

3.13  Implementation  Using  NORGate; _ 

There  arc  mo  methods  lo  implement  am  given  Boolean  expression  using  NOR  gate 
Method  I :  This  method  is  same  as  we  implemented  for  NAND  gate 
/  Step  I  :  Draw  ANDOR/INV  circuit  for  gtven  Boolean  expression 

'Step  II  :  We  have  already  built  standard  block  for  ANDOR/INV  using  NOR  gate  Simply  replace  it  by 
standard  block 

*0$  IU  ;  Cheek  for  double  I  men  ion,  remove  ifany _ _ 

i  *' "*•**,  ...• 

"***"  Wi^l  iM'M>lllllin  lllUl  I  IMIIM— MB MlWIt1  y.:y>  « 
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For  example  say 

n  ‘  ‘  J6„+ 1 U lmplemera  "us  usine  nor  only 
*  3  69  Sh0WS  AND/OR/TNV  circuit.  Fig  3  70  sh™ 

8"  '  °  h0vvs  cclu •valent  NOR  circuit. 


-^lean^^igebraji^^ 


Method  II :  In  this  case  you  have  to  bring  down  equation  to  A  +  B  form  by  simplification.  To  achicv 
this  again  you  double  complement  the  equation  For  example 

Y  =  I  J  +  K  L  =  IJ  +  KL  =  IJ-KL  =[I  +  J]-[R  +  l]=I+T  +  K  +  L 

=  IJ  +  KL 

The  diagram  is  as  shown  in  Fig.  3.70. 

NAND  and  NOR  in  DIP  Package. 
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say 

L,  Implement  this  using  NOR  only. 

ws  AND/OR/1NV  circuit.  Fig.  3.70  shows  equivalent  NOR  circuit. 


Fig.  3.69  Fig.  3.70 

lis  case  you  have  to  bring  down  equation  to  A  +  B  form  by  simplification.  To  achieve 
uble  complement  the  equation.  For  example 

K  L  =  I  J  +  K  L  =  I  J  •  KL  =  [I  +  J]  •  [it  +  L]  =  I  +  J  +  K  +  L 
<L 

is  as  shown  in  Fig.  3.70. 
sIOR  in  DIP  Package. 


r0  (A) :  7400  NAND  Fig.  3.70  (B) :  7402  -»  NOR 
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and  X  -^NORCUSS*0n  S°  ^  WC  Saw  t^lat  an  ^nverter  or  a  bubble  was  placed  at  the  output  of  NAND,  NOR 
_  Sates-  Normally  only  bubble  also  represents  Inversion  (complement).  But  placing  bubbles 

at  input  of  gate,  affects  its  operation. 

IjnP^Bubbjed^ANpjate] 

^  Let's  refer  Fig.  3.7 1 


Inputs 

Output 

A 

— 

B 

— 

A 

B 

Y 

0 

0 

1 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

(a)  (b)  (c)  Truth  table 

Fig.  3.71 


Fig.  3.71  (a)  shows  inputs  A  and  B  are  Inverted  and  then  given  to  AND  gate.  The  same  circuit  in 
modified  representation  can  be  shown  as  bubbled  input.  The  total  gate  is  then  referred  as  Bubbled  AND 

gate.  The  O/P  of  bubbled  AND  is  Y  =  A 

bubbled  AND  is  equal  to  NOR  gate. 

Now  take  NAND  gate  and  apply  bubbled  input. 


B  =  A  +  B.  A  +  B  is  equation  of  NOR  gate, 


Inputs 

Output 

A 

B 

A 

B 

Y 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

l 

(b) 

Fig.  3.72 

Fig.  3.72  (c)  show  that  truth  Table  of  bubbled  NAND  is  equal  to  OR  gate. 


(c)  Truth  table 


Input  Bubbled  OR  gate 


Fig.  3.73  shows  two  input  bubbled  OR  gate. 


Inputs 

Output 

A 

B 

A 

B 

Y 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

0 

(a) 
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(c)  Truth  table 
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tnith  Tabte  ""  bUbb,ed  °R  gate  is  nothin8  but  NAND  gate.  This 
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Now  let's  take  bubbled  NOR. 


gate.  This  collusion  you  cap  derive  by  observing 


Y  =  A  +  B 

•  B 


Y  =  A  +  B 
-o 

=  A  •  B 


M 

uts 

A 

B 

'•  . . 

A  B 

0 

0 

1  1 

0 

1 

1  0 

A 

1 

0 

o 

1 

1 

0  Q  1 

Output 

Y 

0 


1 


(b) 

Fig.  3.74 


(c)  Truth  table 


Bubbled  NOR  is  nothing  but  AND  gate. 

Conclusion  : 


(1)  Input  bubbled  AND  is  equivalent  to  NOR  gate. 

(2)  Input  bubbled  NAND  is  equivalent  to  OR  gate. 

(3)  Input  bubbled  OR  is  equivalent  to  NAND  gate. 

(4)  Input  bubbled  NOR  is  equivalent  to  AND  gate. 


Ex.  22  :  Represent  following  expressions  in  terms  of  input  bubbled  AND  and  OR  gate 
(i)  Y  =  A  +  B  +  C. 

Soln.  :  First  draw  actual  circuit  and  then  replace  it  by  equivalent  bubbled  gate. 


>A  +  B 

- - - "i— * ^YsA  +  B  +  C 

(a)  Actual  circuit 


y  =  a  +  b  +  c 


(b)  Bubbled  logic  circuit 


Fig.  3.75  (i) 


(ii)  Y  =  AB  +  AB 

Fig.  3.75  (ii)  shows  actual  and  equivalent  circuit.  ^ 
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<*>  (b)  (c) 

Fig.  3.76 

As  shown  when  either  A  or  B.  or  both  are  'LOW'  O/P  is  logic  'O’  and  LED  is  OFF  But  when  both 
puts  are  asserted  HIGH  Of?  will  be  HIGH  and  LED  will  lit 


Here  I  would  like  to  define  Assertion  level  It  is  a  level  necessary  to  cause  an  event  to  occur. 

But  in  some  circuit  assertion  level  is  ’active  low’,  i  e.  event  occurs  when  there  will  be  ’LOW  logic 
esent  at  input  tcrnunal.  Refer  Fig.  3.76  (b).  As  shown  input  to  AND  ect  is  bubbled,  therefore  when 

cr  of  the  input,  or  both  arc  at  HIGH  logic,  output  is  ’LOW’,  therefore  LED  is  OFF  But  if  both  the 
puts  are  asserted  with  ’LOW*  signal.  O/P  will  be  HIGH  and  LED  will  glow  Normally  active  low  inputs 
'  represented  by  providing  ’over  bar*  to  it.  as  shown  in  Fig  3.76  (c) 

The  wav  wc  have  active  low  inputs,  we  can  also  have  active  low  output  Presently  lor  Fig  3  76  (a) 
1  (C)  0Utput  ,s  activc  HIGH  To  convc*  active  HIGH  to  active  low.  simply  put  Inverter  (NOT}  gate  at 
5  0utPut  Thcn  y°u  can  ,abcl  Of?  Instead  of  Y,  Y  •  Y  represent  active  low  output 

Positiv*  Logic  :  It  is  logic  in  which  ,11  the  Boolean  vanables  and  Boolean  functions  behaves  as 
senbed  t  e  logic  0  corresponds  to  OV  and  logic  1  corresponds  to  +5V 

Negative  Logie  :  In  this  normal  meaning  of  binary  is  interchanged  i.e.  logic  '<>•  corresponds  to  +<v 
lXn“  * ,0  °V  ^  a"  B0°'Can  VanaWCS  and  B°°1Can  f“  »  ,f  ,L  are 
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(b) 


(c) 


to 


__  Fig.  3.77 

3  77  illustrated  full  Table  showing  negative  and  positive  logic. 

NegaVv^rNAND^r  “  “,“,Va":n'  °R'  P°SitiVC  N°R  “  CqU'vale™ 

Normally  negative  logic  is  rarely  used 
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Boolean 


'•  the  following  using  Boolcanthcorcms^ 

ICA  +  AB)  (A+AB)|  l(CD  +r  ni  x  ‘  , 

Ans.:  LHS  '  _  CD,  +  <c®I»|=A 

Simplifying  the  above  ^  ^  +  "" '®  +  "  6  +  <C  ®  ■»! 

Now  according  t„  boolean  law*  A  +  +  ABA  +  AB  •  AB|  |(CD  +  Si 

(■)  A  •  A  =  A  (ii)  A  •  A  =  o  (jjj)  A  •  A  =  A 
and  as  per  output  equation  of  EX-NOR  gate 

CD  +  CD  =  c  ©  D 
•••  The  above  equation  becomes, 


-  (A  +  0  +  0  +  A  0J[c®D  +(C®d 


If 


[Aj  |C  ©  D  +  (C  ©  D)| 
C  ©  D  =  a 


then  (  C  e  D  )  +  (C  ©  D)  =  A  +  A 

And  according  to  Boolean  law  A  +  A  =  l 

=  [Aj  [A  +  AJ 
=  [AJ  [1] 

*  =  A 


L.H.S.  [A]  -  R.H.S.  — >  Hence  Proved. 


1 -* -  -  -  • J  X  iwttu,  | 

2.  Prove  the  following  expression  using  Boolean  theorems  : 

=  A (A  +  B)  AB  .  ^  ^  *  *>•  P. 


A^p- ABysr 

Ans.:  Start  from  R.H.S. 

(A  +  B)  AB  =  A  •  AB  +  B  •  AB 
Now  according  to  Deinorgan  theorem 
A~B  =  A  +  B 
Using  this  in  above  equation 

=  A  (A  +  B)  +  B(A  +  B) 


f 


h  ii 


\ 


AJSebra  a„d  L„S1C  Ga(#s 


[May  96,  4  Marks) 


+  (C  ©  D)| 


...Ans. 
(Dee.,  96, 4  Marks) 
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1  R  >-S  *  AB  ,  Ip  ~  ~~~  - - - 1 

’  pro*e  Ihe  r„ii 

p  '",n  * . . 

a,b  +  c>  +  ab  +  bc  +^(B  +  r 

*"<•:  Start  fro, n  u,  S  =  BfAf  +  I)  +  (: 

A,B*°f  (  A"  *  )-a,hm,  .  AI,.AC./ 

r  S,mP,lf>  ,hc  -^c  equation  use  Demorgnn  theorem 

AB  4  AC  4-  AH  or-  ~  ~ 

Ab  ’  BC  +  AB  •*.  AC 
AB  4  AC  4AB  •  BC  4  ab  4  AC 
AB  +  AC  4  ABC  4  ab  f  AC 
ABC'  4  AB  4  AB  f  AC  ♦  AC 
*  ABC  f  B(A  4  A)  4  (  (  a  *  At 

ABC  4  B  ♦  C’  (  AfA  |> 

BfAC  4  |)  +  (' 

* 

BlAf*  l|.C  RMS  .Hc.Kcp.wcd  j 

■».  Simplify  (he  folkm  inK  c.|.re„ion  mine  Houle...  ihcnrcm. : 

(A  +  A  B)  (A  +  AB)  (CO  +  C  D  A  +  CD  4  fDA) 

An«,:  Simplifying  the  equation, 

(  A  •  A  +  AAB  4  AB*  A  ^  AH  •  AB)  (CD  4  CDA  4  CD  4  CDA) 
According  to  Boolc.in  laws 

A  A  -  A.  A  A  -  0  and  B  •  B  -  0 


...  Ans. 
(Mil)  97,4  Marks) 


AB  4  BC 


)  4  AB  4  AC 


...Ans. 
(Dec.  97,  4  Marks) 


=  (A  +  ll  +  0  4  0)  ( C  D  4  CD  4  CDA  4  CDA) 
=  (A)fC(D  +  D)  +  AC  (D  4  D)j 

As  D  +  D  -  ! 

*  A(C*  I  +  AC*  1 1 
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A  •  I  A 

A(C  i  A(') 

A  •  C'  i  A  •  A( 
AC  i  AC' 

A (C  i-  C') 

=  A 


»•  «v  Tva»t'«uyn 

Hoolaan  Ai8«,b„ 


* i""1 1  m  m. 


'  A  •  A  A) 


C.CfC  |) 


5.  Let  ’C  is  the 


JHAiABJjCD  +  C  6  A  +  CD  +  C 


DA)  «•  a 


1  c  ,s  the  control  input  and  -A’  is  th,  ‘ 

•ypc.  When  Kate  is  •enable,!',  the  umumplei,  cm'  l""’"'  a"l"it','  *  2  i,,"u'  *»•«  »»> 

1,|,|,cars  “  *'«••  R»»e  output  when  the  "1?",,ta“a“*d  ,0™  "f  »  »'*-l  'A' 

For  example,  a  function  of  'OR'  cate  m  iv  he  ■  °  '*  ,y|,e’  S",<:  b  Cilllrl1  »•  'lltoahled'. 

I . .  ~ .  be  “!!«!«•  «*> 'unction  tahle.(M,y  «,  „  M„ 


Output  of  'OR'  «atc 


Wnte  function  tables  derived  from  truth-table  for  the  follow  in,,  gates  • 

(0  AND  gate  (ii)  NANDgate 

(m)  NOR  gate  (iv)  EX-0 R  gate. 

Ans.:  According  to  the  given  data  'C'  is  control  input  and  'A'  is  signal  input  applied  to  2-input  gate 
Sec  Fig.  Q.3.5(a)).  * 

(i)  The  function  table  for  the  AND  gate  is  as  shown  in  Table  1. 


Control  input  'C 

Output  of  'AND'  gate 

0 

0 

1 

A 

A  (input) 


=o 


(Control  input) 


Table  1 


Fig.  Q.3.5(a) 


[Here  Second  input  is  A] 

This  gate  is  'enabled'  when  the  control  input  is  high. 

(ii)  The  function  tabic  for  'NAND'  gate  is  as  shown  in  Table  2. 

The  output  equation  for  'NAND'  gate  is 

Y  =  a  •  B  (where  'Y'  is  output  and  A,  B  are  two  inputs.) 
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Control  input  'C'  Output  of  'NAND'  gate 

o  |  ~l 

1  A 


Boojean  Algebra  and  Logic  Gatex 
A  (input) 


(Control  input) 


Table  2 


Fig.  Q.3.5(b) 


[Here  Second  input  is  A] 

This  gate  is  enabled  when  control  input  is  high  (1). 

(iii)  The  function  table  for  'NOR'  gate  is  as  shown  in  Table  3. 
The  output  equation  for  'NOR'  gate  is 


Control  input  'C' 

— - 1 - - 

Output  of  'NOR'  gate 

0 

1 

A 

0 

A  (input) 


(Control  input) 


Tab,e  3  Fig.  Q.3.5(c) 

[Here  Second  input  is  A] 

This  gate  is  'enabled'  when  control  input  is  'low'. 

(iv)  The  function  table  for  EX-OR  gate  is  as  shown  in  Table  4. 

The  output  equation  for  EX-OR  gate  is, 

- XjZ  a  0  B  =  AB  +  AB  (where  'Y'  is  output  and  A,  B  are  inputs) 

Control  input  'C'  Output  of  'EX  OR'  gate!  A  (input) 


Table  4 


(Control  input) 

Fig.  Q.3.5(d) 


[Here  A  is  Second  input.] 

Here  gate  is  enabled  when  input  is  low  and  high. 

6.  Using  above  function  tables,  prove  the  following  :  _ 

6  (May  98, 4  Marks) 

(i)  NAND  gate  is  enabled  keeping  control  input  'high'  whereas  NOR  is  enabled  keeping  t 

(ii)  Ex-OR  gate  is  always  enabled. 

Airs.:  (i)  Using  the  function  table  for  'NAND'  gate  in  (Q.  5)  we  can  say ,  if  control  inpu,  of  'Nantv 
?ate  is  'O'  its  output  is  always  high  and  if  control  input  of  'NAND'  gate  is  1  its  outn„t 

5  ’  omPut « complemented 
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form  of  signal  A.  Therefor,  .  .  - - ™saLWD,a  and  lo9‘c  G, 

Similarly  using  the  function  tabic  forNOR'gl  *ccan  iT^  <h 


'nput  of  NOR  gate  is  highO )  to^outpuT  ,sal ^  °UtPUl  *  COmplcmc,Ucd  form  of  ^ig.wl  A  and  if  control 
keep,,,,  control  £  ’  “  °",P'"  "  ^  °'K  «  *»  <*  U-.  'NOR'  gale  ,s  e, added 

(u)  Using  the  r„nclion  table  for  F.X-OR  gale  in  Q  5  „  can  say, 

inpJ  GfEToR  ^'rLT.iltri  “  /Cm  T  °'"P"'  u,M'0,"l,k'i„e„led  for,,,  of  signal  A  and  if  comrol 
Jc  is  always  enabled  r"""  . . A  Therefore  we  can  say  ,„a,  hX-OR 

.  implify  lb,  following  esprcssions  using  boolean  theorems :  (May  os,  (,  Marks) 

(i)  |(A  +  AB)  (A  +  AB)|  |(CD  +  (ID)  +  (C  ®  D)| 


r 


(ii)  XYZ  +  XYZ  +  XYZ  +  XYZ 

(iii)  XY  +  XYZ  +  XYZ 
Ans.:  (ij  Refer  the  answer  of  0  1 
(it)  XYZ  +  X  YZ  +  X  YZ  +  XYZ 


X  Z(Y  ♦  Y)  ♦  X  YZ  *  XYZ 


According  to  boolean  law  Y  *  Y  I 

«  X  Z  •  I  ♦  X  YZ  ♦  XYZ 
According  to  Demorgan  theorem 


AB  A  +  B 


As  (1  +  A  =  1). 


As  (A  +  A  *  D 


=  X  Z  +  X  (Y  +  Z)  +  XYZ 
=  XZ  +  XY  +  XZ  +  XYZ 
=  X  Z  +  XY  +  XZ  (1  +  Y) 
=  X  Z  +  XY  +  XZ 
=  XZ  +  XZ  +  XY 
=  Z(X  +  X)  +  XY 
=  Z  •  1  +  XY 
-  Z  +  XY 


*  XYZ  +  XYZ+  X  YZ  +  XYZ  *  XY  +  Z 


...Ans. 
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(**•)  XY  +  X  YZ  4  XY  Z 
According  to  Dcmorgan  theorem 
A  •  B  =  A  +  B 


=  XY  +  X  YZ  +  (X  +  Y)Z 
=  XY  +  X  YZ  4  XZ  +  YZ 
=  XY  +  XZ  (Y  +  I )  +  YZ 
=  XY  +3 (Z  •  1  4  YZ  (Y  A  +  1  =  1) 
=  XY  4-  XZ  +  YZ 
=  XY  4  Z(X  +  Y) 


XY  4  X  YZ  4  XY  Z  =  XY  4  Z(X  4  Y) 


H.  Implement  the  following  using  2  input  NOR  gates 

(i)  Y  =  AB4BC  AH>° 

(ii)  Z  =  A  ©  B 

_  _  Bo - — 

Ans.:  (i)  Y  =  AB4BC 

Wc  have  to  implement  the  above  output 
using  NOR  gates  only.  Co - 

Y  =  A  B  4  B  C 
=  A  B  4  B  C 


...Ans. 


(May  98,  4  Marks) 


KigMP3.8(a 


[a  4  b]  4  [b  4  c] 


.-.  Circuit  will  be  (Sec  Fig.  Q.3.8(b). 


A  +  B 


A  4  6  +  B  4  C 


A  4  B  4  B  4  C 
=  A  B  4  BC 


AB  4  BC 


B  4  C 


Fig.  Q.  3.8  (b) 
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Z  =  A  ©  B 
i  of  EX-OR  gate 

Z  =  A  B  +  AB 

Z  =  AB  +  AB  (7  A  =  A) 


=  A  +  B  +  A  +  B 

ng  the  above  using  NOR  gates 
A 


g  INVERTER  by  NOR  gate  we  get, 
A 
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Y  -  AB  i  AB  can  be  written  as. 


Y  -  AB  +  AB  ;  Simplify  this,  we  get, 

Y  =  AB  •  AB 

implemented  using  NAND  gates.  Output  of  NAND  gate  is  Y 


Fig.  Q.3.10  (a)  Fig.  QJ 

can  be  represented  as  single  input  NAND  gate  as  shown  in  Fig. 
).  3.10(a)  can  be  represented  as, 


Fig.  Q.  3.10  (b) 


table  of  a  comparator  and  an  EX-OR  gate  are  as  follows.  A  anc 

i\ 
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(June  99,  4  Marks) 


«'<-  the  f. . 'Vine  c,|, using  Ilu.,,rci„s , 

A>  C  +  D)  (A  +  C)  (C  +  D)  .  BC  +  AD 

<B  +  A)  (B  +  D)  (A  +  C)  (C  +  D)  -  BC  +  AD 

l.h.s. 

Acr  „.  "  (B-B  +  B-D  +  A-B  +  A-DHA-C  +  A-D  +  C-C  +  C-DI 

According  to  boolean  law  A  *  A  =■  A 

“  (B  +  BD  +  AH  4  AD)  (AC'  4  AD  4  c  +  CD) 

*  ,B<'  +D  +  A)  +  AD||C(I  i  D  t  A)  4  AD | 

=  I  B  •  I  +  AD  |  |  C  •  I  +  AD| 

=  BC  ♦  BAD  4  CAD  4  AD 
=  BC4  AD  |B  4  C  4  1 1 
=  BC  4  AD 


L.H.S. _ BC  4  AP  -  R.H.S.  — >  Hence  proved. 


...  A  ns. 

(Dec.  99, 3  Marks) 
(Dec.  99, 3  Marks) 


12.  Prove  the  following  using  Boolean  Theorems  : 

(i)  [(C  +  CD)  (C  4  CD))  )(AB  4  AB  4  A  ©  B)|  =  C 

(ii)  ABC  +  ABC  4  ABC  4  ABC  =  AB  4  AC  4  BC 
Ans.:  (i)  [(C  4  CD)  (C  4  CD)J  |(AB  4  AB  4  A  ©  B)|  =  C 

L.H.S.  =  [C  *C  4  C  •  CD  4  CD  ■  C  4  CD  •  CD|  |AB  4  AB  4  AB  t-  AB) 

As  per  boolean  law, 

A  •  A  =  A 


and 


A  ■  A  =  0 


=  fC  4  0  4  ()  4  ()|  |AB  4  B(A  4  A)  4  AB| 
—  C|AB  4  B(l)  4  AB|  (7A4A 

=  C[B(A  4  A)  +  BJ 
=  C|B  4B| 

=  Cfl| 

=  c 


=  1) 


L  H  S  =  C  =  R.H.S.  ->  Hence  proved. 


.Ans. 
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(i»)  ABC  +  ABC  +  ABC  +  ABC  =  AB  +  AC  +  BC 
According  to  boolean  laws, 

A  +  A  =  A  A  +  A  +  A  =  A 

Therefore  adding  two  terms  of  ABC  to  L.H  S  of  the  above  equation 
L.H.S  of  the  above  equation  becomes 

=  ABC  +  ABC  +  ABC  +  ABC  +  ABC  +  ABC 
Rearranging  the  terms,  =  ABC  +  ABC  +  ABC  +  ABC  +  ABC  +  ABC 

=  BC(A  +  A)  +  AC(B  +  B)  +  AB(C  +  C) 

As  A  +  A  -  1  =  BC  +  AC  +  AB 

=  AB  +  AC  +  BC 

L.H^S~=  AB  +  AC  +  BC  =  R  H  S.  ->  Hence  proved 


...Ans. 

UUU 
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Minterm,  Maxterm  and  Karnaugh  Map  ^4 

— — — — " —  1  ■■  —  ■  < 

Syllabus  : 

Switching  equations,  canonical  logic  forms,  sum  of  product  and  product  of  sums, 
Karnaugh  maps  ;  Two,  three  and  four  variable  Karnaugh  maps.  Simplification  of 
expressions,  Quine-Mc  Cluskey  minimization  techniques. 


Name  of  the  Topic 


•  Minterms  and  sum  of  minterm  form 


•  Maxterm  and  product  of  maxterm  form 


•  Algebric  construction  of  maxterm  using 
boolean  expressions 


•  Reduction  technique  using  K-map 


•  Grouping  of  variables  in  K-map 


K-map  for  POS  form 


►  Minimising  boolean  expression  using  K-map 

_ _ _ _ _ 4 

• - — - 

Quine  MC-clusky  method  or  tabular  method  || 


Section 

number 


Theory  Problems 


Comments 

•  Knowledge  of  K-map  is  required,  throughout  the  subject. 

•  K-map  is  important  from  all  the  angle. 

•  Concentrate  on  4.5/6/7/8. 
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Minterm,  Maxterm  &  Karnaugh  Map 


\ 


.  r  c  gates  arid  boolean  algebra.  Using  boolean  theorem  we  have  manipulated  logical 

,  f  ’  *u  r>  ^IC  a,Tn  manipulation  was,  to  reduce  logical  expression  considerably.  To  realize 

«  '•  r^v  1  >W’  *VC  uSe  ’  so  ^  reduang  logical  expression,  we  are  reducing  number  of  gates 

i  ut  n  indirectly  will  result  in  the  reduction  in  cost  and  increase  in  reliability  of  the  circuit. 

chapter,  we  will  concentrate  on  one  more  technique  of  reducing  logical  expression  i.e.  Karnaugh 
map  K  'rr,apj  But  before  tha*  W*  introduce  yourself  to  maxterms  and  minterms. 

42  Minterms  and  Sum  of  Miniterm  Form  :  ' 


ptiil  now  hav„  solved  many  problems.  In  that  one  Boolean  expression  was  given  to  you  and  you 
were  supposed  to  minimise  it.  But  here,  you  may  ask,  from  where  do  we  get  actual  Boolean  expression 
which  we  are  suppose  to  minimise  ? 

The  answer  of  the  question  is  very  simple.  In  actual  practice  you  will  decide  some  variable  A.  B.  C,  D 
etc.,  depending  upon  number  of  inputs  from  different  sensors.  After  getting  particular  combination  of 
input  you  want  that  O/P  terminal  should  give  you  logic  1.  But  for  invalid  combination  of  inputs,  you 
require  O/P  to  be  low  (logic  0).  Thus  again  you  are  going  to  formulate  truth  Table.  Here  for  understanding 

I  It'll  1  tab*  ovamtvU  < _ .  _  >  ... 


Ill., 

m, 


TO. 

m. 


* — — 

Decimal 

T* - 

Inputs 

Output 

A 

B 

Y 

0 

0 

0 

0 

1 

0 

1 

1 

I 

2 

1 

0 

1 

3 

s - 1 - i. 

1 

1 

1 

AB 

AB 

AB  “* 
AB  -» 


0 

0 

1 

1 


0 

1 

0 

1 


=  1 

=  1 

=  1 
=  1 


1  =  1 
1  =  1 


=  1 
=  1 


Variables  should  be 
adjusted  in  such  a  way 
that  you  should  get  logical  l  • 


A  -  1  B  -  0  and  A  =  B  =  1.  So  whenever  you 


Table  4.1 

So  you  require  O/P  to  be  high,  when  A  =  0,  B  =  1  _  .  .  _ 

require  output  of  circuit  to  be  T  that  particular  term  is  selected.  As  shown  in  Table  4.1.  on  the  left  side, 
we  have  written  nij,  and  m3,  where  m  stands  for  minterm .  In  general  we  have  rr^  where  i  varies 

from  *0'  to  some  finite  value.  The  function  m_  is  called  the  ilh  minterm  function .  or  simply  the  ilh 
minterm. 

So  from  Table  4.1  we  conclude  that  our  output  is  T  for  m,,  m,,  m3.  Function  f(x)  can  be  written 
in  the  follow  ing  sum  of  minterms  form. 

f(x)  =  m,  +  mj  +  m3  (where  ’+’  denotes  OR  sign).  Here  wfe  are  suppose  to  select  minterms  those 
generates  O/P  logic  1  only, 
f  (A,  B)  =  m,  +  mj  +  m, 

*  _ 

/.  O/P  Y  is  also  function  of  m,,  which  is  written  as  Y  =  AB  +  AB  +  AB 

We  have  selected  only  those  tenns  which  has  O/P  Y  =  1.  Now  let’s  see 

7ase  I  :  A  =  0,  B  =  1. 

0  •  1  +  0- 1  +  0*  1  =  1  •  1  +  0  •  0  +  0 


.(1) 

•(2) 


sueU 


/.  Y  =  AB  +  AB  +  AB  = 
= 1 +  0+0=1 
A  =  1  B  =  0 


Y  =  AB  +  AB  +  AB  =  l*0+l*0+l*0  =  0*0+l*l+0  =  0  +  l+o 
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A  =  1,  B  =  l 

Y  =  AB  +  AB  +  AB  =  T.  i  j.'i  T 

A  =  0,  B  =  0  1  +1*1  +  l*l=0*l  +  l  • 

Y 


MlDterni  Maxterm  &  Karnaugh  ^ap 
0  +  1*1=04-0  +  1  =  1 


-  AB  +  AB  (This  form  is  sum  of  product  (SOP)  form) 

We  get  here  Y  =  0  h  °  °  °  +  0  ‘  0  =  1  *  °_+  0  *  1  +  °  =  0  +  0  +  0  -  0. 

Now,  but  at  this  sr;i  sr  "  ^ te- becausc  -  ** — » 

Y  =  AB  +  AB  +  AB  so  n  ”*  *"*  “  f°r  0R  »  Y  =  A  +  B,  but  we  have. 

_  AR  S°  now  let  s  re^uce  it  (minimise  the  equation). 

Y  ~  ~ +AB  +  AB  =  b(a  +  A)  +  AB  =  B  •  1  +  AB 


r* 


B  +  BA -B  +  A  =  A  +  B 


->  equation  for  OR  (reduced). 


The  equation  f(x)  =  m,  +  m2  +  mf  (forOR^T^ 
or  generalised  f(x)  =  mtvUni'r  \  ±  6  J 

can  he  alcr.  •**  dK  bW  +  •  •  +mk(x)  is  nothing  but  SUM  OF  MIDTERM  form  This 

v<ui  oe  also  written  as, 

f  (A,  B)  =  £m  (i?  2,  3). 

£  =  Summation  (logical  ORing). 

m  =  minterm. 


*3- 


!,  2,  3  nqthing  but  numerical  value  showing  m,,  m,  and  m, 

f  (A,  B)  =  function  of  variable  A  and  B. 

f  (A,  B)  Xm  (1,  2,  3)  is  also  called  as  Numeric  Form.  Let's  take  one  more  example  to  understand 
the  concept. 


Ex.  1  : 
Soln. : 


f  (A,  B,  C)=Zm  (O',  1,4,  7). 


(a)  f  (A,  B,  C)  — »  means  we  have  three  variables. 

Number  of  decimal  state  =  2n  n  =  Number  of  bits  or  variables.  2n  =  2  '  =  8 

(b)  Here  Xm  (0y  1,  4,  7)  means 

f(x)  =  1%  +  +  m4v+  m7  i.e.'  O/P  is  HIGH  only  at  ABC  =  (0  0  0)2,  (0  0  1);.  (I  0  0),. 

(1  1  1)2. 

For  remaining  all  minterms  i.e.  2,  3,  5,  6  (m2,  m3,  m5,  n^)  O/P  is  Low. 

Let's  make  truth  table. 


m0 

mi 

m2 


m4 
m5 

m6 

m7 

_  Table  4.2 


Decimal 

Inputs 

Output 

A 

B 

c 

Y 

0 

0 

0 

0 

1 

1 

0 

0 

i 

1 

2 

0 

1 

0 

0 

3 

0 

1 

1 

0 

4 

1 

0 

0 

1 

5 

1 

0 

1 

0 

6 

1 

1 

0 

0 

7 

1 

1 

1 

ABC 

ABC 


-» ABC 


->  ABC 
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Ex.  2  : 
So/n. : 


m0  = 

(0  0 

0)2 

=  A 

B 

C 

m,  = 

(0  o 

1)2 

=  A 

B 

C 

nl4  * 

(1  0 

0)2 

=  A 

B 

C 

m7  = 

0  1 

1)2 

=  A 

B 

C 

Y  = 

nt0  4 

-  m, 

+  m. 

t  +  m 

4-4  _Minterm,  Maxterm  &  Karnaugh  Map 

We  can  write  ininterm  ABC  =  0*0*0==  1-1-1  =  l 
We  can  write  ABC  =  0  •  0  •  l  =  M.l  =  l 

We  can  write  ABC=l-0-0=l-l-l=l 
We  can  write  A  B  C  =  1  •  1  •  1  =  1 

ABC  +  ABC  +  ABC  +  ABC  .  Now  minimise  it 


AB  (C  +  c)  +  ABC  +  ABC  =  AB  +  ABC  +  ABC 

=  b(a  +  ac)  +  abc  =  b(a  +  c)  +  abc 


owing  numerical  form  into  surrt-of-minterms  OR  sum  of  product  form  . 

(0  F  (A,  B,  C,  D)  =  £m  (1,  2,  3,  6,  7,  15). 

(a)  There  are  four  variables  A,  B,  C,  D.  No.  of  states  are  =  2n  =  24  =  16  =  0  to  1 5. 

)  lm  (1,  2,  3,  6,  7,  15)  means  Ouput  Y  is  high  only  for  m,,  m2,  m3,  m6,  m7  and  m,v  For 
remaining  states  Ouput  =  0.  Let's  write  down  truth  table. 

(c)  Truth  Table  is. 


m, 

m: 

m, 

m, 

m5 

m6 

m7 
mg 
m9 
m 


m 


10 

i  l 
m,2 

m,3 

nll4 


m 


i5 


Decimal 

Inputs 

Output 

A 

B 

c 

D 

Y 

o  0 

0 

0 

0 

0 

0 

i  1 

0 

0 

0 

1 

1 

2  2 

0 

0 

1 

0 

« 

1 

5  3 

0 

0 

1 

1 

1 

4 

0 

1 

0 

0 

0 

5 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

10 

1 

0 

1 

0 

0 

11 

1 

0 

1 

1 

0 

12 

1 

1 

0 

0 

0 

13 

1 

1 

0 

1 

0 

14 

1 

1 

1 

0 

0 

15 

1 

1 

1 

1 

1 

—>  A  BCD 
->  ABCD 
->  ABCD 


->  ABCD 
-^ABCD 


->  ABCD 


Table  4.3 
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numerical  form  :  Pressions.  OR  represent  the  following  expressions  in 

So*n.  :  Hem  F  (Ab  r  n!  h*° 

^‘.ntn™5  y°U  y°“  ta" ,0  ad<1  ««  —  variables  i.e.  B  and  C. 
Method  I :  This  method  we  have  already  seen 
•  •  Write  Y  =  AD 

"  AJ  (B  +  b)  •  (c  +  c)  •  D 
(aB  +  ab)  •  (dc  +  Dc) 

ABCD  +  ABCD  +  ABCD  +  ABCD 

=  CD  +  ^ CD  +  ABCD  +  ABCD 

^  U  \i  II  -W 

(°  0  0  l)2  (°  0  1  1)2  (0  1  0  1)  (0  1 1 1)2 

l  l  l 

1  (m,)  3  (m3)  5  (m5)  7(m.) 

M  th  (*\B’  C’  D)  =  Sm  0.  3,  5,  7). 

■’  !” this  “"*BOTW'  v“"‘'4te  are  replaced  by  x,  and  known  variables  are  replaced  by  0  or  1 
variL^TiTcT  glVe"  eXpreSS‘°n  In  our  case  we  know  ‘tat  we  should  have  four 


MSB 

- -  - - 

*i  *. 

LSB 

A 

B  C 

D 

0 

1 

A  should  be  put  ’O'  because  it  is  A. 

D  should  be  put  T  because  it  is  D. 

Now  as  2  variables  are  unknown  we  can  have  22  i.e.  4  combinations.  Final  Table  is, 

MOD  I  7  I  r  I  r  o  n  I  _  .  . 


MSB 

A 

0 

0 

0 

0 


LSB 

D 

1 

1 

1 

1 


Equivalent 

Decimal 

1 

3 

5 

7 


Note: 


*— —■  ■  »■  .  ....  i 

Finally  F  (A,  B,  C,  D)  =  £m  (1,  3,  5,  7) - »  numerical  form. 


In  this  case  there  was  only  one  expression,  we  have  prepare  only  one  Table.  But  if  w 
have  more  expression,  we  have  to  make  that  many  number  of  Tables. 


Ex.  2(B) :  Represent  the  following  expressions  in  numencal  form  : 
(j)  F  (A,  B,  C,  D)  =  ABC  ♦  BD. 


Scanned  by  CamScanner 


Scanned  by  CamScanner 


Mints rm,  Maxtarm  &  Karnaugh  Map 


F  (A,  B)  =  A  t 


4-9 


=  1 

_A_ 

1 

0 

1 

_ L 

(b)  Term  B  ®  o  b  -  (). 


Note  : 


(0,  2,  3) 

-presentt6rm 
CAMnMm.9  3ny  logical  Unction. 


(2).o 

<3>.o 


A  B 

0  0 

+  (0),„ 

1  0 

— — •>  f2),0 

* 

(3)  and  Equation  (4)  Is 

CANONICAL  DISJUNCTIVE  cE  ^  C3lled  the  CAN0NICAL  SUM  OF  MINTERMS  FORM  OR 

expression  is  simply  an  OR  F°RM  (diS^unction  is  another  term  for  OR)  This  type  of  Boolean 

n£oduct  term  contain-  0  ^Um  m'nterms.  with  each  minterm  expressed  as  an  AND 

- - iJJ-£SISglD.inq  a  literal  f0r 


every  primary  input  variable 


-^Pr5ducLofMaxterm  Form  : 


we  consider  milm  °f  Minterm  form  wc  obtain  Maxterm  function.  As  we  have  seen  in  minterm 

^uuwaer  output  logical  T.  But  ! 


in  maxterm  we  consider  output  logical  Wc  will  take  same  example 


Decimal 

Inputs 

Output 

* 

A 

B 

Y 

M0  | 

0 

0 

0 

0 

M, 

1 

0 

1 

1 

m2 

2 

1 

0 

1 

m3 

3 

1 

1 

1 

A  +  B 

=  0  +  0 

«  0 

A  +  B 

=  0+1 

=  0 

A  +  B 

=  T  +  o 

-  0 

A  +  B 

=  I  +  1 

=  0+0=0 

Table  4.4 

If  you  observe,  we  have  written  terms  in  such  a  way  that  final  answer  you  should  get  is '()'  i.c  when 
=  0,  B  =  0  we  have  directly  taken  A  +  B.  If  you  compare  it  with  minterm  you  will  find  that,  in  tluit  wc 

•  A  r>  J  * _ _ I.  ......  A  t ...  4  ...A  M  I 


used  to  write  'product*  term  i.e.  A  •  B  and  in  such  a  way  that  we  get  answer  T. 

But  in  maxterm  we  should  write  down  terms  in  'sum'  form  and  finally  wc  arc  going  to  put  it  Product 
r  Qrriif  ( pos )  form  Secondly  for  maxterm  we  use  capital  letter  M . 

J  We  are  going  to  select  only  those  term  which  will  provide  output  'O'  logic  only  M0  maxterm 

provides  ^  output^  ^  ke  wri(ten  in  the  following  Product  of  maxterm  (product  of  sum)  form  ns 

follows:  _ 

f  (x)  "  Mo 

f  (A,  B)  =  M0 

AD  f  (A  R)  =  K  M  (Q)_ _ — - : - 1 - 

OR  — sian,  For  maxterm  we  use  V  sian.  M  — >  maxterm. 

mintem^ 


ote 


output 


[y  =  A  +  B 


equation  for  OR  gate. 


Take  one  more 


J^IEof  AND  gate.  Truth  table  for  AND  gate  is  as  follows 
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*  £ta: 


4  10 

IWiiinal  Inputs  Output 

A  I  I*  V 


Mm  term,  Maxterm  &  Karnaugh iMag- 


0 


0  0 

0  I 


}  A  +  B 

>  A  +  B 


1  0 


I  |  1  |  I 

Tabic  4.5 


>  A  +  B 

.>  A  +  B 


For  AND  gate  output  Y  is  Amotion  l\x) 
fix)  >M  ,  (Product  of  maxterm  form) 

t\A.  B)  M(,  *M, -M. 

t\A.  B)  x  M  (0.  1,2)  (Numeric  form). 

output  Y  (A  +  B)  •  (A  +  b)  •  (  A  +  b)  (Product  of  sum  form  (POS)) 
let's  simplify  because  as  tarns  we  know  output  Y  for  AND  gate  is  A.  B. 

Y  (A  *  A  +  A  •  B  *  A  •  B  +  B  ^b)  (a  +  fi) 

«  (A  +  A  B  +  A  •  B  ♦  rt)  (A  +  b)  -  J  A  (l  +  B  +  b)J  (a  +  b) 

|  A(D]  (  A  4  b)  «  A  (  A  +  b)  *  A  •  A  +  AB  *  0  +  AB 
l  et  s  sohe  some  examples. 


...(5) 


Y  =  AB 


Ex.  3  :  Simplify  following 

*  (i)  F  (A,  6  C)  =  n  M  (0.  2,  4,  6) 

Solrt.  :  (a)  In  the  problem  maxterms  are  given.  Maxtenn  gives  you  POS  form. 

(b)  Number  of  variables  arc  three  A,  B.  C.  2s  =  8  states  arc  there.  You  have  to  make 
truth  table.  Showing  logic  IV  output  for  maxterm  0.  2.  4.  6  and  logic  1  for  remaining. 


Decimal 

Inputs 

Output 

A 

B 

c 

Y 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

2 

0 

1 

0 

0 

3 

0 

1 

1 

1 

4 

1 

0 

0 

l) 

5 

1 

0 

1 

1 

6 

1 

1 

0 

0 

7 

1 

1 

1 

1 

— >  A  +  B  +  C 
A  +  B  +  C 
—4  A  +  B  +  C 
— >  A  +  B  +  C 
— >  A  +  B  +  C 
— >  A  +  B  +  C 
— >  A  +  B  +  C 
— >  A  +  B  +  C 


Table  4.6 
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-  Ia-a.aS  B  +  C,-(a  +  b  +  c,.,a  +  b  +  c, 
(A+B+c)hAt+BA+BB+BC  +  CA  +  C6  +  C-cK-B  +  c) 

(A  +  C)(a  +  b  +  c)(a  +  b  +  c) 

■  (A  +  C>(a-A  +  AB+AC  +  BA  +  BB4BC4CA  +  CB  +  C.c) 

'  (A  +  CH  A  +  AB  4  AC  +  AB  +  0  +  EC  +  AC  4  BC  +  c) 

*  (A  +  C)[a(|4§4C4B4c)4C(i4B4b)] 

“  (A  +  C)  [a  •  1  4  C  •  I  ]  =  (A  4  C)  (a  4  C) 

A  •  A  +  AC  +  AC  +  C  •  C 
=  0  +  AC  +  AC  +  C 

*  c  ( 1  +  A  +  A)  =  C  •  I  =  C. 

diiecdv  tT^hLT  Sh0rl  C"Vm?h0d‘°  S0,V<:  lhe  cxan,p|c  Here  °«  "“d  not  write  down  full  Table  You 

,ti:tbcTrrs;r:;"in  ,hc  expression  For  °ur  casc  ,he  -»  « <o-  *• «.  ^ 

F  (A,  B,  C)  =  n  M  (0,  2,  4,  6) 

ABC 


0  = 

0 

0 

0 

-> 

A  +  B  +  C 

0  +  0  +  0 

=  0 

2  = 

0 

1 

0 

-» 

A  +  B  +  C 

0  +  I  +  0 

=  0 

4  = 

1 

Jd 

0 

-> 

A  +  B  +  C 

T  +0  +  0 

=  0 

6  = 

1 

1 

0 

— ) 

A+B  +  C 

T  + 1  +  o 

=  0 

4.4 


«  *  »  ”  '  fVT  D  T  t  1  T  1  T  U  ~ 

Algebraic  Construction  of  Maxterm  using  Boolean  Expressions : 


We  can  algebraically  derive  product  of  maxterm  expression  for  a  function  using  the  properties  of 
Boolean  algebra.  For  example  let's  say  we  have  equation  for  AND  gate. 

Y  =  A  ♦  B 

We  can  introduce  any  variable  which  is  missing  into  term  AB  by  ORing  the  factor  x.x  (where  x  =  any 
variable)  (x  •  x  *=  0,  AB  +  x  x  =  AB  +  0  =  AB,  means  we  are  not  playing  with  actual  equation.) 

After  adding  the  term  xx  use  law  of  distribution  and  simplify  unless  and  untill  you  get  maxterm.  Say  for 
an  example  Y  s  AB  can  be  also  written  as, 

Y  *  AB  +  0  =  AB  +  BB 

*  (AB  +  B)  (AB  +  B)  - >  Distributive  Law 

«  (AB  +  B  +  0)(AB  +  B)  *  (AB  +  B  +  AA)  (AB  +  B) 

Scanned  by  CamScanner 


( (AB  +  B)  +  A)  ((AB  +  B)  +  A)  (AB  +  B) 

=  [A  +  AB  +  BJ  [AB  +  B  +  a]  [b  +  Ab] 

=  [A  (l  +  B)  +  B]  [b  (A  +  1)  +  a]  [b  +  Ab] 
=  [A  +  BJ  [b  +  A]  [b  +  AB] 


=  (A  +  B)  (A  +  B)  (B  +  A) 

Finally  we  have  Y  =  (A  +  B)  •  (A  +  B WA  +  B) 

U  U  U-  • 
0  +  0 


...(G) 


Y  =  M, 


AB  =  (01)2 
“0)io 


1+0  0+1 

AB  =(00)2  AB  =  (10)2 

M  M  =(0)1»  =<2).o 

lo  ’  M2  *  M, 

M0.  M,  •  M2  ,  where  M  =  Maxteim. 

^omPare  Equation  (6)  with  Equation  (5).  Both  are  same.  Thus  we  have  to  break  down  equation  so  that 
we  get  maxterms  ONL  Y. 

Let's  solve  some  examples  to  clear  the  idea. 


Ex.  4  : 


Express  following  functions  as  product  of  maxterm  : 

(0  F  (W,  X,  Y,  Z)  =  Y Z  +  WXY  +  WXZ  +  WXZ 

Soln.  :  F  =  YZ  +  WXY  +  WXZ  +  WXZ 
Double  Complement  full  equation. 


F  =  YZ  +  WXY  +  WXZ  +  WXZ 


= 

YZ  •  WXY  • 

WXZ  •  WXZ 

(y  +  z)(w  +  x  +  y)(w+x  +  z' 

)  (w  +  X  +  z) 

(y  +  z+xx)( 

W  +  X  +  Y  +  zz)  ( 

W  +  X  +  YY  +  z)  (w  +  X  +  Z  +  Yy) 

= 

(y  +  z  +  x)  (y 

+  Z  +  x)  (w  +  X  +  Y  +  z)  (w  +  X  +  Y  +  z) 

1 

(w  +  X  +  Z  +  Y^ 

|(w  +  x  +  z  +  y) 

(W  +  X  +  Z  +  Y)(w  +  X  +  Z+  y) 

=  ( 

Y  +  Z  +  X  +  W\ 

< 

v)(y  +  Z  +  X  +  Ww)  (w  +  X  +  Y  +  z)  (w  +  X  +  Y  +  z) 

( 

W+X  +  Y  +  z)  (w  +  X  +  Y  +  z)(w  +  X  +  Y  +  z)(\V  +  X  +  Y+z) 

-  ( 

W  +  X  +  Y  +  z)  (w  +  X  +  Y+z) 

(w  +  x  +  y  +  z)  (w  +  x  +  y  +  z) 

(w+x  +  y+z)(w  +  x  +  y+z)(w+x+y  +  z)(w  +  x+y  +  z) 


(w  +  X  +  Y  +  2)  (w  +  X  +  Y  +  z) 
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JSSfljtai 

Removc  co)nnion  term.  .  —  - — — . - Minterm,  Maxtern 

(w  •  x  +  Y  >2)|w  ,x  *  v  -  z)  (w  >  X  +  Y  +  z)  (w  +  X  +  vTi) 
W  +  X  *  Y  +  z)  (w  +  X  +  Y  +  z)  (W  +  X  +  Y  +  z) 

W  ^  X  f  Y  4*  7  — 

t=>  0  +  A  X  A  X  1 


Mjxterm  &  Karnaugh  Map 


w  +  x  +  Y  +  z 

W  +  X  +  y  +  Z 
w  +  x  +  Y  +  z 

W  +  X  +  Y  +  Z 
W  +  X  +  Y  +  Z 
_W  +  X  +  Y  +  Z 


=3 

0  +  0  +  o  +  1 

=> 

(0  0  0  1)2 

O>,0 

=> 

7  +  o  +  o  + 1 

=> 

(100  1)2 

=> 

C»).0 

=> 

o  +  7  +  o  +  7 

(0  1  0  l)2 

=> 

O),o 

•=> 

i  +  7  +  o  +  7 

=> 

(1  10  1)2 

(»).o 

=> 

7  +  7  +  o  +  o 

=> 

(1  1  0())2 

=> 

02), o 

=> 

7  +  7  +  7  +  o 

=> 

(1  1  1  0)2 

=> 

04), o 

M  • 
1VI 12 

o  +  o  +  7  +  T 

M„-M  u 

(0  0  1  1)2 

O),o 

(D  F  (A,  B,  C,  D)  =  AD  +  BD  +  BD 

Soln.  :  First  simplify  this, 

•••  Y  AD  +  BD  +  BD  =  AD  +  D  (b  +  b)  «  AD  +  D  •  1  »  D  ( 1  +  a)  -  D  •  1  =  D 
•••  Y  -  D 


Y  =  D  +  0  =  D  +  A  •  A  =  (D  +  A)  (d  +  a)  ■ 

(d  +  a  +  bb)(d  +  a  +  bb) 

=  (A  +  B  +  D  CC)  (a  +  B  +  D  +  CC)  (a  +  B  +  D  +  Cc)  (a  +  B  +  D  + 

cc) 

=  (A  +  B  +  C  +  D)(a  +  B+  C  +  d)(a  +  B  +  C  +  d)(a  +  B+  C  +  D 

) 

(a  +  B  +  C  +  d)  (a  +  B  +  C  +  d)  (a  +  B  +  C  +  d)  (a  +  B  +  C  +  d) 

A  +  B  +  C  +  D  => 

()  +  ()  +  ()  +  0 

(0  0  0  0)2  =* 

(0),o 

A  +  B  +  C  +  D  ^ 

o  +  o  +  7  +  o 

=> 

(0  0  1  0)2  =* 

(2),0 

a+b+c+d  =* 

o  +  7  +  o  +  o 

=> 

(0  1  0  0)2  =* 

O),0 

a+b+c+d  =* 

0  + 1  + 1  +  o 

=> 

(0  1  1  0)2  => 

(6)io 

a+b+c+d  ^ 

1  +0  +  0  +  0 

:=> 

(1  0  0  0)2  => 

(8),o 

A+B+C+D  ^ 

I +0  +  1  +  o 

=> 

(1  o  1  0)2  =* 

(10)10 

a+b+c+d  ^ 

I  + 1  +  0  +  0 

(1  1  o  0)2  => 

(^2),o 

—  —  — 

(1  1  1  0)2  =* 

(H)l0 

a+b+c+d- 

1  +  1  +  1  +  o 

...  y  =  M„  M,  m4  m6  m,  m„  m 

12  Ml4' 

)  F  (A,  B,  C,  D)  s  A  +  B. 
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7  ' J  *  "  A  '*  +  <*-  -(a  +  b  +  c)(a  +  b  >c) 

-(*  *n  +  f,4.  do; (a  ♦  b  f  c  *  DO) 

^  -  A  «■  ' .  *  D)  ■*  8  *  C  *  5)(a  +  8  ♦  C  >  d)  (a  +  8  +  C  ♦  6) 
4  l  *  JL 

'*  * 

4 

7  “  *V  ^  '  W4  '  M? 


5 


'0  I  1  0)j 

a 

6 


(0  111), 
U 
7 


Vy* 


*  >  *  ^,*A  *8C 

7  m  A  * 


*  A  BC  = 

^A  *  bb)(aa  *  ft  *  c  i 

■*  >&)(a  +  b)(a  +  b  +  c)(a  +  b  +  c) 


(s  >c) 


*  +  B*CA)(a  ♦  B*CC)(a  *B  >c)(a>B*c) 


a  (  *  **+_!L)(*  +  b*c)(a'‘ 
*  ft  “&*£)( A  +  b+c)(a+b 

B*f)(  A*B*C  (  A  +  B  ♦  C 

♦c)(a ♦ b  *c)(a  +  b  *c) 

A  ♦  B  ♦  c  =* 

0«»),  =>  (4),0 

A  ♦  B  ♦  C  =* 

ooi),  =>  (5>10 

A  ♦  B  ♦  C  => 

0 1  °h  =>  <«>» 

A  >C  => 

(Ollh  =>  (3) 

A  *  B  ♦  C  =* 

r  *  vr  ♦  *f4  ♦  k.  vrv  m, 

OH),  =»  (7)„ 

Y 

4  !  PA*2ocffor>  TBChriqiMi  using  Kamau^i  Map  : 

l*%y  4*  mv  *<**4  K-mmp  f 

V:  “'•  ^  a‘*tbtt  T°  MINIMUM  reduction  of 

^  ^"7  -  ^  ""“T*  7**“  ^  So  while  simplifying  u*b*ten 

g!,”  ^ * !h,nk  77^  ?L  “* SKP "*“*■  -n^maytead.0  uncetJU 

"*  reqn‘re  1 ^ '  •**  wu,  reduce  0*  u«ST£ 
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fkm  of  gray  coda 


Mif  I 

Two  variable  indicates  4  stales  Here  A  *  MSB  (by  default)  The  dotted  line  m  K  Map  indicates 
of  gray  code 
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The  Map  II  shows  3  variable  K-Map  : 


Map  II 

Total  eight  boxes  are  required  to  represent  8  states.  Total  3  way  of  K-Map  is  shown.  It  is  upto  y 
that  which  one  you  remember  very  easily.  The  dotted  line  with  arrow  indicates  flow  of  gray  code. 

4  Variable  K-Map 

Map  III  shows  basic  skeleton  for  4  variable  K-Map. 
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Dotted  line  indicates  flow  of  gray  code. 

[s  Variable  K-Mapj 

Tlic  way  five  variable  K-Map  is  represented  is  slightly  different  from  above  case,  the  basic  skeleton  is 
as  shown  in  Map  IV  (on  the  next  page). 

Here  MSB  bit  A  lias  two  states  'O'  or  T. 


Under  A  =  0  and  A  =  1,  two  four  variable  K-Map  are  drawn.  The  numbering  sequence  is  as  in  four  j 
variable  K-Map.  Only  when  A  =  1  then  ABCDE  =  10000  or  1XXXX,  then  starting  number  is  '16' 
(decimal)  not  'O'  (decimal) 

*—  ■  -■  —  ■  "  .  -  ■  .  . 

Note  :  1 .  The  K-map,  we  have  drawn  are  specifically  for  product  terms  i.e.  minterms.  \ 

2.  As  seen,  each  row  and  column  has  variable  or  variables,  with  its  complement. 

3.  When  we  move  from  one  cell  to  next  along  any  row  or  column,  one  and  only  one  variable  In 
the  product  term  changes. 

The  change  is  either  to  complemented  or  uncomplemented  form.  THE  IMPORTANT  POINT 
HERE  IS,  IN  K-MAP  WE  USE  'GRAY  CODES’  WHERE  ONE  BIT  CHANGES  AT  A  TIME.  It  is 
a  key  factor  in  the  way  in  which  K-map  works.  | 

4.  We  have  shown  2  or  3  ways  of  drawing  K-map,  for  2,  3,  4  and  5  variables.  You  select  only 

_ 'ONE'  pattern  from  that,  and  follow  the  same  throughout  your  study. _ 
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(BC)  10 


(DE)  11 


4.5.2  Transferring  Truth  Table  to  K-map  : 


D  E)  (D  E)  (D  E) 
00 


BC  (BC)  (5C)  (BC)  (BC) 


BM1M1 


Here  I  would  like  to  show  you,  how  we  should  MAP'  truth  Table  in  K-map. 

For  understanding  purpose,  I  will  show  you  example  for  2  and  3  variables.  But  the 


and  5  variables  also. 


same  is  valid  for  4 
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'  F,&  41 W  1  RePr""»«»"  of  3-variable  truth  Table  on  K-map 

Till  this  point,  we  have  studied  about  basir  K  a 

dcrivc  sop  ^ and  - -  *  ^ 


M _ Grouping  of  Variables  in  K-map : 


P  °  "  1  ^  gr0UPed  ,0ge,her  10  **  si »  Boolean  express,™  If  you  group  V  vou  are 
grouping  maxterms  so  equation  you  ge,  is  in  PQS  form.  Bu,  when  you  gioup  T.  you  are  group- 

numerms;  so  equation  you  gel  has  SOP  form.  Before  we  start,  let's  see  some  definations.' 

Pain  :  The  group  of  two  adjacent  ’O'  (or  I )  is  called  pair. 

Quad  :  The  group  of  four  adjacent «'  (or  I)  is  called  quad. 

Octett  :  The  group  of  eight  adjacent  'O'  (or  I)  is  called  octet. 

For  grouping  the  variables,  there  are  some  standard  rales  We  will  study  the  same  now. 
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»t  4.3  ;  K  map  for  input  AND  gate 

nh  Tabic  .  then  the  K-map  uill  be. 


Mapping  pair 


Mapping 
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4.6.2  Grouping  of  Variables  in  Three  Variable  K-Map  : 

Map  VI  shows  hou  variables  arc  grouped  in  three  variable  K-Map. 
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(c) 


Fold  back 

Map  VI 


(d) 


Map  VI  (c)  shows  an  interesting  case.  If  the  K-Map  is  folded  such  that  its  two  end  meet,  a  quad  is 
formed.  This  is  referred  to  as  a  foldback. 


Ex.  5  :  Find  the  expression  for  the  following  K-Maps  : 
0) 


0^B  00  01  11  10 

IF  —  ■  ■■  1  1  I 


Cl_ 

0 

0 

0 

0 

0 

0 

0 

Fig.  Ex.  4.5  (i) 


oln. :  Refer  Fig.  Ex.  4.5  (i),  since  I's  are  grouped,  the  final  expression  will  be  in  SOP  form. 

As  you  arc  aware  w  ith  the  fact  that  in  K-Map  we  are  not  supposed  to  consider  those  variables,  that 

tanges  the  state  i.e.  B  to  D  or  B  to  B.  We  should  consider  only  those  variables  those  remains  constant 
ithm  the  grouping  block. 
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Kek-r  l-ig  Ex.  4 .5  (i)  (a).  as  shown  C 
remains  unchanged  (vertically)  Now  go 

horizontal ly  tie  variables  are  AB  and  AH  Here  A 
is  constant  but  B  changes  to  B. 

Neglect  B  and  B  because. 

AB  +  AB  -  A  (b  +  b) 

=  A  •  I  =  A. 

•••  An*.  =  Y  =  CA 


Vertical 


CO 


Refer  Fig  Ex  4.5  (ii) 


c\B  QQ  01  11  10 


© 

0 

0 

0 

0 

0 

0 

0 

Fig.  Ex.  4.5  (ii) 


Soin.  :  Refer  Fig.  Ex.  4.5  (ii)  (a) 

Y  **  A  B  C  +  BC. 

i  l 

group  I  group  2 

If  you  observe  group  1,  only  one  is  encircled.  no  change  of  variable  is  encountered  and  you  have  to 
select  all  the  variables  covering  that  box  i.e.  Horizontally  AB,  vertically  C,  Ans.  =  ABC. 

For  2r,d  group  vertical  span  is  constant  i.e.  C. 


But  for  horizontal  we  have  two  term  AB  and  AB  So  A  changes  to  A.  So  leave  it. 

» 

For  2m  group  horizontally  we  have - >  B 

vertically  we  have - >  C  An*.  = 

Finally  total  output  Y  *  lrt  group  +  2nd  group  (SOP  form) 


BC. 


Y  -  ABC  +  BC 


Oil)  Refer  Fig.  Ex.  4.5  (fii) 
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Group  1 


F«g-  Ex.  4.5  (iii) 

'*  •  Refer  Fig.  Ex.  4.5  (iii)  (a) 

0r  grouP  1  ■'  Vertical  span  _ >  q 

Horizontal  span  - »  AB,  ab  .-.  Finally  a 

Group  1  ->  AC 

group  2  :  Vertical  span  - .  C,  C  ->  So  C  +  C  =  I 

Horizontal  span  - >  AB  only. 

a  Finally  group  2 - >  AB  •  1  AB. 

output  Y  =  AC  +  AB 
't  4, 
group  1  group  2 

Refer  Fig.  Ex.  4.5  (iv) 


- - - Mljytarm^MBxtorm  ft  Karnaugh  Map 

Horizontal  span  lor  group  i 


\  Vartlcm  •par 
j  lor  group  1 

Vertical  span 
lor  group  2 


Horizontal  span  for  group  2  Cjr°Up  ? 
Fig.  Ex.  4.5  (iii)  (a) 


0 

3 

0 

2 

0 

_  7 

0 

6 

Horizontal  span 

Fig. 

Ex.  4.5  (iv) 

Fig.  Ex.  4.5  (iv)  (a) 

:  Refer  Fig. 

Ex.  4.5  (iv)  (a) 

Horizontal  span - >  AB.  AB  — 

>  A  only 

Vertical  span 

C,  C  - 1 

►  1 

Ans.  =  A  •  1 

=  A  output  Y 5 

=  A 
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Uon/miliil  span  ,  All,  All.  AH  All 
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(vi)  Refer  hy  lx  A  Q  (V \) 
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Fig.  Fx.  4.5  (vi) 

Soln.  .  Refer  Fig,  Ex  4  5  (vij  (a),  I  lux  is  specific  ease  of  overlap 

Group  I  :  From  vertical  span  ->  C,  C  *  I  From  Hori/onUil  span  >  AH 
/.  group  I  ->  AH, 

torouii  2  :  From  vertical  span  *  C  only  From  llori/omal  span  »  Ali,  All  >  a  only 


group  2  >  AC. 


oulpiil  Y  AH  ♦  AC 


H 


Refer  Fig  Ex  4  5  (vii) 
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liii 

IMIE1I 


Soln. 


Fij».  Ex.  4.5  (vii)  pig,  gx.  4.5  (vii)  (a) 

:  Refer  Fig.  Ex.  4.5  (vii)  (a).  Now  groups  arc  directly  numbered. 

output  Y  =  BC  +  AC  +  AB 
(1)  (2)  (3) 

Refer  Fig.  Ex.  4.5  (viii) 


1 

3 

0 

2 

1 

7 

1 

6 

Fig.  Ex.  4.5  (viii) 

1.  :  Refer  Fig.  Ex.  4.5  (viii)  (a). 

output  Y  =  AC  +  B  +  AC 

(1)  (2)  (3) 

(ix)  Refer  Fig.  Ex.  4.5  (ix). 

cNyLr 

0  1 


Fig.  Ex.  4.5  (viii)  (a) 


\AB  ^  ®  A  B 
qV0  00  01 


co  (T 


1  0  • 
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ci  o 
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Soln.  :  Refer  Fig.  Ex  4.5  (ix)  (a). 

output  Y  =  ABC  +  ABC  +  ABC  +  ABC 
(0  (2)  (3)  (4) 

=  A  (BC  +  Be)  +  A  (BC  +  Be)  =  A  (A  O  B)  +  A  (A  ©  B) 
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Refer  Fig.  Ex.  4.5  (x) 
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Fig.  Ex.  4.5  (x) 

Soln.  :  Refer  Fig.  Ex.  4.5  (x)  (a) 
This  is  Interesting  case  of  folding. 

(a)  For  group  1,  Answer  is  C. 


(b)  For  group  2,  we  have  covered  l's  of  boxes  0/4,  2,  6. 
These  boxes  forms  'Quad'. 

From  Horizontal  span  we  have - >  AB,  AB 


- >  AB  +  AB 

- >  B  (a  +  a)  ->  B  •  1  ->  B 

From  vertical  span  we  have  ->  C  +  C  =  1 


for  group  2,  answer  is  B 


(xi)  Refer  Fig.  Ex.  4.5  (xi) 


Finally 


output  Y  =  C  +  B 

i  i 

_ 0)  (2) 
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Fig.  Ex.  4.5  (xi) 
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Qiflttal 

So,n-  :  Kofer  Fig  lix  4  II  (*IHu)  *  ”  Mlntomi,  M.xlwm  *  K»„„„8h  M„p 

output  Y  »  B  I  AC 
1  l 
(I)  (2) 

cases  for  2  variables  4  vmiaMcTlTii  b1  “T*  ^  *  Va“,,bl‘‘  K  M,,p  Novv  wt’ ,,rc  «oinK.  to  sec  more 

v.HMhii  s  Mm  b„sic  ,*  going  lo  remain  same 

4.6.3  Grouping  of  Variable  In  Four  Variable  K-Map  : 

Croup,.,,;  of  variable.  ,„  four  variable  K  Map  ia  ax  show,,  In  Map  VII  (ucsl  page, 

Different  ways  of  grouping  under  pair,  quad  and  octcl  are  sla.wu, 

you  are  sup^e  ^write "°rc "*  ,'"CS'i°"  R,H"P"'R 

You  follow  steps  as  specified  : 

Step  I .  First  encircle  required  number  of  I’s  for  SOP  form. 

Step  II  :  Now  take  encircling  of  I’s  one  by  one.  In  one  K  Map  von  may  have  one  or  more 

encirclements. 

Step  III  .  Lets  say  you  have  select  one  of  the  group.  Now  carefully  observe.  'SPAN'  of  encircle  i  c 
how  many  boxes  it  has  covered  horizontally  and  vertically  Doth  the  directions  arc  important 
because  in  both  direction  we  have  written  boolean  expressions. 

Now  take  vertical  direction  and  sec  any  variable  changing  the  state.  Here  changing  the  state 
means  x  to  x  or  x  to  x.  If  variable  is  changing  neglect  it.  You  have  to  consider  only  tlw.se 
variables,  those  arc  remaining  constant.  Suppose  you  got  variable  I J. 

Now  select  horizontal  direction,  follow  same  above  rule,  Suppose  you  got  variable  K  only 
Final  term  is  IJ  K. 

The  variable  may  be  complemented  or  uncomplemented. 

tep  IV  :  Encircling  l's,  once  more  is  allowed,  but  you  should  check  that  it  should  not  form 
something  called  as  Redundancy . 

The  block  is  redundant  or  encircling  that  T  is  not  required,  as  it  will  on  simplification,  get 
cancelled  out.  This  would  have  resulted  in  additional  hardware.  (This  specific  ease  is 
mentioned  in  Ex.  16,  Ex.  17). 


I  Step  II 


Step  III 


[Step  IV 


Important  Note : 

You  have  to  obtain  boolean  expression  using  K-map  in  such  a  way  that  further  simplification  or 
reduction  is  not  at  all  possible. _ . _  _ 
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linn 


Fi®.  Ex.  4.6  (ii) 

Soln.  :  Fig.  Ex.  4.6  (ii)  (a)  shows  grouping. 
For  vertical  we  have  ->  CD  +  CD  ->  D 
horizontal  we  have  ->  AB  +  AB  ->  B 


'output  Y  =  BD 


0  Q 


0  1 
13 
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SI 
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12 

0 

13 

8 
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9 

Fig.  Ex.  4.6  (ii)  (a) 


Uptill  now  we  have  seen  that  directly  filled  K-Map  with  encirclement  was  given  This  was  given  just 
to  know  different  ways  of  encircling  l's.  But  now  question  is  how  to  fill  up  the  K-Map?  To  understand 
♦his  we  will  solve  some  more  examples. 
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EjJ.  t  :  F  (A  B  C  D|  =  Vm  (0  1  2.  5.  13  15)  Draw  K  -Map  and  find  maumifcad  Boolean  e/Rf«  ***>  ' 

Solo.  :  From  example  wc  can  conclude  lhat  k  Map  required  will  he  of  4  t enables  (A  Fk  ^  It(.uitc 
conclusion  can  he  also  made  up  Ironi  highest  stale  Mights!  stale  15  To  represent  1 

minimum  4  hits  _  __  — - 

:  Step  I  :  Now  lust  draw  basic  skeleton  of  k  Map  I  Refer  Map  111 ) 

Step  2  :  Present l\  ho\  is  empts  Given  is  'Jjii'  it  means  mirttrrm 
number  is  specified  in  the  example  i  c  o  I,  2,  5.  3  and  15 
.  Step  3  :  Rem. umn^  boxes  of  k  Map  should  be  filLd  up  w  uh  /  :ros 


write  down  T  m  ilic  bos  whose 


An*.  :  Y  =  ABD  ♦  ACD  +  ABD 
_ 0) _ (2)  (1) _ 

Ex.  8  :  F  (A.  B,  C.  D)  =  Im  (1  3  5,  9  11.  13) 

/  Soln.  :  Procedure  is.samc  as  that  defined  in  Ex  7 


A  =  MSB 
D  *  LSB 


Scanned  by  CamScanner 


Mmtetm 


Digital 

I - 1 - ~ - - 

Y  =  BD  +  CD 

CD  (2) 

Soln.  :  Procedure  is  same  as  that  defined  in  Ex.  7 


_Mlntermt_Maxterm  &  Karnaugh  Map 


\p  °CD  CD  CD  CD 

A  BV  00  01  11D  CD 


AB  00  0 


SB  01  0 


AB  11  o 


AB  10  °  -  m 


r 

_1 

0 

[7 

5 

Is 

YV 

J 

13 

1 

o 

11  10 


c  J  r  }r 

h  ■*  r  <> 

f 

Let's  draw  the  circuit 

9 - 1  Nad 


F  (A,  B,  C,  D)  =  £D  +  AD  +  BD . (a) 

=  D  (A  +  £  +  B)  . (b) 

Fij».  Ex.  4.9  (a) 


AD  +  BD 


743 


D  (A  +  B 


Fig.  Ex.  4.9  (b) 


Fig.  Ex.  4.9  (c) 


Ex.  10  .*  F  (A,  B.  C,  D)  =  Im  (1,  3,  A,  5,  7,  9,  11,  13,  15). 
Soln.  :  Procedure  is  same  as  that  followed  in  Ex.  7. 
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Dajjl . . -*&-  -  16  „  a  25.  27).  Simplify  using  5  v„labi) 

Ex.  14  :  F(A,  B.  C,  D.  E|  =  vm  (0.  1.  7.  0.  It.  13'  l6,  '  ... 

K-Map  ui ,  w  -Map.  (Refer  Map  ,Vhnse  number  is  specified.  i.c.  o  i 

Soln. :  (l)  Draw  basic  skeleton  for  5  variable i  K  t|ie  boxes,  who 

(2)  'Xni'  is  for  mintenn.  go  on  fillmg 

A  7,  9. ..27. 

|  (3)  Now  start  encircling  number  of '1  s. 


(Map  -  1) 
A  =  0 


A  =  1 


Fig.  Ex.  4.14  (a) 

As  show  n  in  Fig.  Ex.  4.14  (a)  we  have  two  maps,  map  1  and  2.  While  encircling  the  number  of  Ts 

I?,0fss0vs?ap  0fTP  2  °"r  ,na?  '  B“  °-  '•  J-  2.  *■  5.  7, 6  and  so  on  will  be  under  16 
17  19,  18.  2  ),  21,  23,  22  ...  and  so  on.  Now  if  in  the  above  box  wc  have  1  and  exactly  below  it  in  man  ! 
we  have  T  You  can  encircle  (hose  Ts  and  combine  Say  for  an  example  T  s  of  box  0  1  and  16  n  ,r, 
coming  exactly  below  So  tolal  it  will  form  Quad.  Now  2. 1's  from  map  I  and  2.  l's  from  map  2,  ther 

is  change  of  maps  A  changes  to  A. 

/.  While  w  riting  equation  for  group  1  it  will  be 

Vertically  — >  DE  +  DE  ->  D 

Horizontally  —>  BC 

group  1  ->  BCD 
For  group  2,  vertically  DE 

horizontally  ->  BC  and  as  map  changes  A  is  cancelled 
group  2  -♦  BCDE. 

For  group  3,  vertically  -*  DE  +  DE  -»  E 

horizontally  ->  BC,  map  1  and  2  both  are  considered 
group  3  -*  BCE. 

For  group  4,  vertically  -♦  DE  +  DE  ->  E 


DE  +  DE 


BC,  map  1  and  2  both  are  considered. 


DE  +  DE  E 
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Minterm,  Maxterm  &  Karnaugh  Map 


0u*|Hlt  V 


1,1  l,(i,P  I  only 


1  D  ♦  Bent 

U)  p?h  +  B^H^ABK  * 

(  0)  (®E  -  n  (f D  +  CDE)  +  BE  a  + 


(A  t  C) 


•~F(a7b.  c‘  rTc  _  _ "*•  El~  4  u  (b> 

K-Map.'  •  1  *  *  Im  ,0-  2'  *•  7'  «.  15.  18720.  21,  23.  28,  297^^^-^ 

P  bC  fivc  variaW“  Procedure  is  as  shown  Ex.  14 


V'-M* 


4"  36 


Mrnterm,  Maxterm  & 


rr, 


- - 77^  aroB  +  CE  +  AfD 

F  (A.  B.  c,  D.  E)  .  ABCE  -  BCD  ^  (4) 


II) 


Ex.  16  :  F(A,  B,  C,  D)  =  Xm  (1,  5,  6,  7.  11,  12,  13,  15). 
Simplify  this  using  K-Map 

Soln.  :  K-Map  is  four  variables,  Procedure  is  as  shown  in  Ex.  7. 


Fig.  Ex.  4.16  (a) 
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P 
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Fig.  Cl  4.17  (a)  Fig.  Ex.  4.17  (h) 

As  shown  in  Fig  Ex.  4  17  (a),  you  will  start  grouping  0,1  -  5,H  -  13.15  -  0.2  Here  nou  arc  going 

to  get  four  terms  But  you  can  still  simplify  this  by  grouping  I's  as  shown  in  Fig  Ev  4  17  (b)  In  that  we 

are  going  to  get  only  3  terms.  it  is  the  best  encircling 

From  Fig  Ex  4. 17  (a)  ->  output  Y  =  ABD  +  ABC  +  BCD  +  ABD 

(b)  ->  output  Y  =  ABD  +  ACD  +  ABD  ^ 

We  will  start  simplify  ing  Equation  (x)  and  come  down  to  Equation  (y) 

Y  «  ABD  ♦  ABC  +  BCD  ♦  ABD 

*  AB  (D  +  C)  +  BCD  ♦  ABD  (D  +  C  =  D  +  DC) 


Not* : 


«  AB  (D  4-  DC)  +  BCD  4  ABD  =  ABD  +  ABCD  +  BCD  4  ABD 

*  ABD  +  ABCD  ♦  BD  (C  +  A)  =  ABD  +  ABCD  +  BD  (A  +  A  C) 

*  ABD  +  ABCD  4-  ABD  +  ABCD  =  ABD  +  ACD  (B  +  B)  +  ABD 

ABD  +  ACD  t  ABD  -»  Now  further  simplification  is  not  possible. _ 

Therefore  using  K-Map  also  you  have  to  obtain  Boolean  expression  in  such  a  way  that  further 

.imputation  is  literaltyjmgosjible_ - - - 
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Ex  18  •  d  - -4~38 _ Minterm,  I 

6dUCe  followin9  expression  using  5  variable  K-Map  using  SOP  form 

_  F  B-  C  E)  =  Im  (°-  •  2  3.  10.  12,  13,  14,  20.  21.  22,  23.  26,  27.  28,  29,  30,  31) 

°  n‘  ’  f>rocedurc  is  same  as  that  followed  in  Ex.  14. 


Minterm,  Maxterm  &  Karnaugh 


(I)  (2)  (3)  (4)  (5) 

4.6.4  Don’t  Care  Condition  : 


*  \  --r- 


In  logic  circuits,  for  some  cases  it  may  liappcn  that  lor  certain  input  conditions  no  specific  output  level 
is  defined  i  c  HIGH  or  LOW  This  case  may  be  present  because  tltesc  input  conditions  will  never  occur  In 
short,  there  will  be  certain  combinations  of  input  levels  where  we  don't  cure  whether  the  output  is  HIGH 
or  LOW 


Normally  don't  care  states  arc  specified  by  *d‘  for  example  sn>  f  (A,  B.  C)  =  Im  (0,  1.  3)  +  d  (5, 6) 
Here  Xm  is  as  usual  nunterm.  'd'  ->  don't  care  condition  In  above  function  states  5  and  6  arc  don't  care 
Now  y  ou  will  ask  how  to  represent  don't  care  in  K-Map  ?  Usually  in  K-Map  we  put  Y  (don't  care  ») 
sign  in  the  box  w  hose  number  is  specified  by  the  function  under  'd\ 

As  far  as  circuit  design  of  such  function  is  concerned  vou  (the  circuit  designer)  is  free  to  make  the 
output  of  don't  cure  condition  cither  'O'  or  T.  in  order  to  produce  simplest  output  expression  Normally 
when  you  write  SOP  form,  you  normally  force  don't  care  output  state  to  1  and  for  POS  form,  you 
normally  force  don't  care  output  state  to  0 

Let’s  take  one  example  to  understand  concept  clearly 


:X.  19  :  F.  (A,  B,  C,  D)  =  Im(1,  4,  8,  12.  13,  15)  ♦  d  (3,  14),  simplify 

loin,  :  For  this  problem  we  have  drawn  two  K-Map  The  first  one  doesn't  encircles  'X'  (don't  care 
andrtion)  and  other  one  encircles  the  X .  Fig.  Ex  4. 19  (b)  and  (d)  arc  the  hardware  design 

Fig  Ex  4  19  (b)  (i)  shows  logic  circuit  for  output  Y.  wc  achiev  e  from  Fig.  Ex.  4  19  (a)  (i).  In  that  we 
fpiire  9  AND  gales  and  3  OR  gates  In  Fig  Ex  4  19  (i)  (d)  logic  circuit  for  output  Y  derived  from  fig 

Scanned  by  CamScanner 


I ‘Mi)  (c).  is  ur:»\vn.  In  that  we  required  7  am^ — ~ - - Maw 

X'  (don’t  care  conditions).  ^  Bates  andToR^t  T — ^lAKarnau^ 

S'  AND  Bates  are  saved  if 

3(J()  CD  CD  CD 

0°  01  11  y 

o  (X/  I  x  I  n 


’  B  01  1 

iB  11  f  1 


Y  =  A BC  D  +  BCD  +  ACD  +  ABD 

®  ©  ©  ©  ® 


B  10  1 


Fig.  Ex.  4.19  (i)  (a) 


A  B  C  D 
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Fig.  Ex.  4.19  (i)  (d) 

rit^c  1  »cu;d  liVc  to  tell  vou  one  thing  that  it  is  not  always  necessary  that  once  you  encircle  one  X, 
z  X  SHOtLD  BE  ENCIRCLED.  It  is  purely  your  choice  that  how  many  'X's  you  convert  to 
c  !  H  cncucliAg  tn  minrcrm  Or  1  s  group  Let's  see  one  example  to  understand  the  concept. 

Frd  SOP  form  for  Mowing  •quition 

C  Dj  *  Im  (1.  3.  7, 11, 15)  ♦  Id  (0,  2.5.  8,14) 
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„  ,  K  Map  for  4  variable,  and  fill  l's,  <ys  - SSSfeaM*,, 

>•  : in  Fig  F.s  4  1*  (U.  (»>  "C  have  ,vv0  groups 

«sl"  lets  "  1  12  «ro,*P  2  ^vers  ->  ,  7  , 

|  ft -.2  -  *<«'  care 
j  ^  rcnnng  group  1/2.  we  have  encircled  all  l's.  .  ^  ^  ^  **  '  We  ^  *« 
f'^lV  \  CD _  "0U,K"*'X'in5.s.1 

A>\  00  C„?  c.?  cu 


A  B  00 

AB  01 

AB  11 

AB  10 


CHI 

1 

0 

1 

0 

X 

4 

5 

0 

0 

12 

13 

X 

0 

8 

9 

CD 

_J1 

CD 

10 

•fv 

1 

n 

3 

2 

1 

0 

7 

c 

1 

X 

15 

14 

J, 

0 

10 

O/P  Y  =  A  B  4  CD 

O  Q> 


Fig.  Ex.  4.19  (ii)  (a)  _ 

pv  20  :  Simplify  following  :  1<n 

E  F  ,a  B.  C.  D)  =  Im  (0,  1.  5,  9,  13,  14,  15)  *  d  (3,  4,  7. 10, 11) 

Soln.  :  Draw  4  variable  K-Map  and  fill  all  the  boxes 
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Maxtrmi  &  Karnaugh  M 
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W  o  ?vi\ 
KuuilU  ns- 
ItUVIOUt  l> 


v  '''tWd  viii’viviu  c\  uuplc>  wtviv  \\ o  cm  iivUtl  T  i  c  wo  It.nc  taken  into  account  nunicnu 
will  xv'tvc  \v"uc  wimples  tvl.iicit  to  mavtcntt  1  tic  kune  K -map  skeleton  to  he  used  i0f 
as  Nhoo  n  m  hv«  ^4 


t 


\‘V 

tUl* 

BaO 

BaC 

OaO 

Oat 

1*1 

no 

•\  0 

wm  ^ 
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I 

0 

1 

,1 

I  ;> 

*  1 
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l 

l 

-  -  -  * 

4 

s 

IS 

(<i)  2  s  unable  k  map 


th)  3  s  suable  k-map 


C-fD  C*P  C.*  P  C*P 
00  01  11  10 


Aa  8  OaC 


A+?  Oa-1 


Ja-P  U1 


X+B  U0 


>  _ 

0 

J 

1 

4  : 

t'V 

5 

- 

7 

1 

I  | 

- • 

6 

i  1 
• 

1 2 

IS 

i 

1  14 

« - 

8 

9 

It 

t 

1 

10 

(c)  4  variable  K-map 
Fig.  4.4 


If  you  observe  K-Map  correctly  and  compare  u  with  Map  I,  II  and  III  The  basic  difference  you  will 
nd  that, _ _ _ _ _ 

(1)  In  nuntemi  AND  operation  was  used  But  here  OR  operation  is  used 

(2)  In  minterm  variables  are  adjusted  in  such  a  wav  that  final  answer  is  T  for  example  0  0  0  0 

(A  B  C  D) 

give  minterm  ABCD.  i.e.  0  •  0  •  0  •  0  =  1. 

But  in  maxterm  sum  should  give  you  logic  ’O',  for  example  ABCD  -  0000  then  maxterm  will  be 
A  +  b  +  C  +  PT  i.e.  0  +  0  +  0  +  0  =  0.  If  ABCD  =  0010  then  maxterm  will  be _  _ 
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A  +  B  +  C  +  D  =  0  t  ()  +  i  +  0  =  0. 

(?)  Mmiemi  K-Map  glves  SOP  fonn.  Maxlerm  K  Map  tflv** 

'V  D °.u  ^  nuxlenn  ^-nup you  have  to  encircle  'O',  nof  I  * 

”  UitS  ,or  erKln;hng  ’O’s  are  same  as  that  of  IS  You  wi/l  Ia  </>,/*  *  ** 

examples 


Ex.  21  :  Find  expressions  for  following  K-Map  : 


Soln.  :  Grouping  1  covers  '0‘s  in  I,  3  Grouping  2  covers  'O’s  in  3,  7 

Neglect  those  variables  which  arc  changing  through  vertical  or  honzcn_L 

...  For  group  1  ->  (A  ♦  C);  group  2-*  (B  +  C) 

•  output  Y  =  (A  +  C)  •  (B  +  C)  (POS  form) 

(1)  _ 91 - - - 


O') 


A  i 

o 


V 


} 
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*  '*yn*i 
IV) 


C+D  C+D  & 


a+b  o+o 
© — 
a+b  0+1 

A+B  1+1 

A+B  1+o 


Slum 


mm 


Soln.  :  Output  Y  =*  (A  +  C  -►  D)  (a 

_  (1) 

(vl)  Refer  Fig.  Ex.  <4.21  (vi) 

\  CD 

A+B  0+0 

A+B  0+1  1 

A+S  1+1  1 

A+B  1+0  /0 


1 

1 

3 

i 

1 

5 

7 

1 

1 

13 

15 

1 

1 

9 

11 

Soln.  :  Output  Y  =  (B  +  D). 


(vfi)  Refer  Fig.  Ex.  4.21  (vii). 
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V  CD 


X  <M>  0>1  1*1  1*0 


K+b  0*0 1  1 


A *6  0*1 1  1 


X*§  ui  I  i 


X*B  1  Vi  I  0 


Fir,  Ei.  4,21  (viij 

SoJn.  ;  In  this  case  2  way  of  encircling  is  shown  Both  are  correct  and  hoih  gives  minimum  liardwarc 
We  have  seen  v.>mc  examples  where  direct  encircling  of  tie  Os  was  given  to  vou  Now  >ou 
pre r.ided  with  the  function  expression,  and  you  lave  to  give  minimised  Boolean  expression  in  P  ^  ° 

You  are  already  aware  with  the  fact  that  W  represents  maxterm  Maxtcrm  provides  output  Y  equal 
to  zero  The  steps  you  have  to  follow  in  Fig  Ex  4  21 


V  00  c*0  C>0  CtD  C+D 
A9\  0*1  U1  1*0 


\.  CD  C+D  C+D  G*D  C+D 

AB  >v  0*0  AO^IA  W1 


A* 3  C+C\  1 


A>B  0*0 1  1 


A*8  0+1 1  1 


A+B  1*0 1  (0 


AwB  0+1 1  1 


^  C2] 


fifr  El  4.21  (rtf)  (a) 
Out;**  E<  4  21  (rri)ra))* 


Output  Y(fi*  E«  4  2lt*nt  tbn 


,  Tig.  Ei.  4.21  (vii)  (b) 

=  (A  +  C  ♦  D)  (A  *  B  ♦  C)  (A  +  C  +  D)  (A  +  B  +  C) 
(I)  (2)  (3)  (4) 

. (A  +  B  +  D)  (B  +  C  +  D)  (A  +  B  +  D)  (B  ♦  C  +  D) 
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j  S»ep  I 
|  S*«P  II 

I  Step  in 

j  Step  IV 
uStep  y 

ExTiFT 

Soln.  : 


Answ 


•  m™  blSlC  d“‘non^f““  8'V'n  dcc,(fc  »*  variable  K-Map  you  an:  go,,,,, 

'  ^°w  go  on  filling  t)‘  in  the  bo\ 

- - 

III  V*  example  IS  for  maxterm. 

{  )  No  of vanables arethree. 

(3)  n  3  '^nable  K-Map  is  required 

(4)  Nmv  gonn  tk'Z0fK^  f°r  3  "■“*  ^Map 

<5)  Re™i"*ng  all  texes  eXamp,e  "  °'  3’ 4  and  7 

er  Y  =  (B  +  C)  (B  +  C) 

(1)  (2) 


BC  B+C  B+C  B+C  B+C 
\  0+1  l+i  i+o 


AO  f0 


A  1  I  0 


Fig.  Ex.  4.22  ft) 


F  (A.  B,  C)  =  n  m  (0,  1.  2,  4.  5) 
Y  =  (B)  (A  +  C) 

(1)  (2) 


;  b+c 

B+C 

B+C 

B+C 

w  0+0 

0+1 

1+1 

1+0 

r°) 

1 

($__ 

.  o 

i 

3 

2 

o 

°J 

1 

1 

4 

bo 

7 

6 

Fig.  Ex.  4.22(H) 
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A*B  0*1 1  TO 


a-»>b  nil  1 


A+B  1+0 


CVP  V  «  (B  ♦  D)(A  4  C  4  6)(§ ♦  D)(A  4  §4  C)(A  4  B  ♦  C) 
©  @  ®  ®  ® 


Fig,  Ex.  4.22  (v) 


F  (A,  B,  C,  0,  E)  =  *M  (2,  3.  5.  8.  8.  10.  11,  17,  18, 19.  21.  24,  25.  X.  27,  29) 
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B+C  0+0 


B+C  0+1 


B+C  1+0 


Mlntorm,  Maxt.rm  &  K.rn.uflh  Map 


Fig.  Ex.  4.22  (vi) 

Output  Y  =  (B  +  C)  •  (A  +  D  +  E)  (C  +  D)  (B  +  C  +  D  +  E) 

_ _ 0)  (2)  (3) _ (4) 

F  (A.  B,  C,  D)  =  nM  (0.  5,  7,  8,  9,  10.  11.  13) 

Soln.  : 


BCD 


C+D  C+D  C+D  C+D 

t0+0  0+1  '  1+1  1+0 


B  +  C  +  D 


A+B  0+0 |\  0, 


A+B  0+1 1  1 


A  +  B  +  D 


A+B  1+0  l/f  0 


B  +  C  +  D 


©  © 

O/P  Y  3  (S  +  C  +  D)(A  +  B)(A  +  B  +  D)(B  +  C  +  D) 

©  @  ®  © 


Fig.  El  4.21  (vH) 
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<yp  Y  «  fi  ♦  C)(A  ♦  D)(§  ♦  D)  [Without  taking  X  into  account] 

®  ©  (!) 

O/p  y  m  (7T*f  C)  *  (0)  [Considering  X  in  O  and  D  as  0] 

w  » 

Fig.  Ei.  4.22(h) 
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This  example  includes  dont  care  condition  OX*)  also.  The  steps  are  same  as  explained  i.e.  write  'X'  in 
ihe  boxes  numbered  (0,  2,  5).  Fill  '0'  in  4,  6,  8,  9,  10,  12,  13,  14  Group  ‘O’  and  if  required  (if  circuit 
minimises)  also  group  ’X1  into,  i.e  force  that  'X1  of  box  to  logic  ‘O'.  This  is  the  same  way,  you  were 
forcing  X  to  logic  1*  in  case  of  SOP  form  (minterms). 

Now  we  arc  going  to  solve  some  examples  in  which  you  will  be  given  with  a  function  expression 
mentioning  minterms  (not  maxterms)  and  you  have  to  find  out  POS  form  (not  SOP  form).  Method  is  very 
easy,  from  given  minterm  function,  you  find  out  maxterm.  Let's  say  for  example,  given  function  is, 

F  £m  (1,  3,  7,  II,  15)  — *  specifics  minterms.  Therefore  remaining  numbers  arc  maxterms. 

i.e.  F  -  rtM  (0,  2,  4,  5,  6,  8,  9,  10,  12,  13,  14).  (i.e.  reverse  of  minterm).  Now  next  step  is  simple, 
once  >ou  get  maxterm  function,  simply  map  it  in  K-map,  group  it,  and  find  Boolean  expressions.  Let's 
solve  same  examples. 

Ex.  23  .  Find  expression  in  POS  form  for  given  function 


Soln.  : 


(i)  F  (A,  B,  C,  D)  -  Im  (0,  2,  3.  4.  7,  9,  10,  12,  14,  15) 


Fig.  Ex.  4.23  ft) :  (a) 
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Fig.  Ex.  4.23  (Hi) 


(b) 


* 


In  tliis  problem  you  should  retain  don't  care  condition  as  it  is  and  only  remaining  numbers  arc  selected  as 
maxterm. 


F  (A,  B.  C.  D)  =  kM  (1.  3.  5.  8.  9.  11.  15)  +  d  (2.  13). 

4.8  Minimise  Boolean  Expression  using  K-Map  or  Obtaining  K-Map  for 
_ given  Boolean  Expression  :  _ 

In  this  section  we  are  going  to  reverse  engineer  the  K-map.  means  uptill  now  directly  decimal  value 
of  midterm  was  given  to  vou  and  you  were  finding  the  Boolean  expressions  for  the  same.  But  now  you 
will  be  given  Boolean  expression  and  using  K-map  you  have  to  find  out  position  of  minterms.  and  if 
required  you  have  to  minimise  it. 

The  procedure  is  very'  simple.  The  steps  are  as  follows  : 

Step  I  :  Observe  Boolean  expression  carefully  and  conclude  cither  it  is  two.  three,  four  or  five  variable 
K-map. 

Siq>  II  :  Depending  upon  number  of  variables,  vou  draw  the  basic  skeleton  of  K-map. _ 
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|  step  in  :  Now  take  terms  of  Boolean  expression  one  by  one,  and  analyse.  Now  suppose  you  have  4! 
variable  K-map  and  term  given  is  BC.  Then  it  is  very  easy  to  find  where  are  the  ininterms. 
Refer  Fig.  4.5  (a)  first  you  have  to  find  out,  where  B  is  constant  and  put  'slash'  (or  darken  that 
area).  Same  way  you  find  out  the  'span'  for  variable  C  and  darken  rt.  The  area  which  is 


common  to  both  B  and  C,  you  have  to  simply  put  l's  over  there.  Refer  Fig.  4.5  (b). 
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Fig.  4.5 


(b) 


Step  IV  :  Repeat  same  step  for  all  the  terms  and  finally  you  will  get  K-map  with  all  minterms 
(logic  T).  Remaining  boxes  of  K-map  should  be  filled  up  with  logic  'O'. 

I  Step  V  :  Minimise  it,  i.e.  write  down  'new'  Boolean  expression  if  the  same  is  specified  in  the  problem 
Let's  solve  one  example  to  understand  the  concept. - 


Ex.  24  :  Reduce  following  expression  using  K-map  : 

(i)  F  =  ABCD  +  AC  D  +  BC  ♦  AB  CD. 

Soln. :  Cl)  Observing  the  expression  we  conclude  that  it  has  4  variables. 
(2)  Draw  basic  skeleton  for  4  variable  K-map  (minterm). 
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OP  Y  =  BC  ♦  AD 
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Fig.  Ex.  4.24  (iv) 

Fig.  Ex.  4.24  (iv) 


(<0  ->  for  term  AB  >  covers  minterms  4  5 

(b)  ->  for  term  A  B  C  >  covers  minterms  1 

(c)  -  >  for  term  ABC  — >  covers  minterms  4 

(d)  ->  Total  of  Fig.  (a),  (b)  and  (c)  ->  covers  1,1.4  5. 

_ (c)  _ blew  K-map  showing  regrouping  so  the  output  function  is  mimmr.ed 

Ouput  Y  =  AB  +  AC 

Draw  K-map  for  following  expression  „  \  v  (June  99, 6  Mark*) 

Y  =  ABCD  +  BC  +  BD  +  ABCD  +  BC. 


Soln.  :  Now  the  minterms  for  all  terms  are  directly  shown  in  Fig.  Ex.  4  24  (v)(a)  fig  E\  4  24  l\  >(b; 
shows  remapped  K-map. 
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Conclu.lon*  about  K-map  • 

. . 'V . ~  mdechor, 

’  U:'K  ""  K'“"»n'ec  lh;il  „K  K  „  ,  1  "lv"lml  K-nap  are 

redundant  group.  '  1  g,vc  'he  best  realisation  By  mistake  you  can  for^i 

0)  Now-a^s'in  "ueiid  [|ITmblC> " ^"’'C  ”  C<|UiU 6  's  vc,>  dlfr^'" 

"«  capec,  Hie  same  way 

K-m.rp  Bui,  a,  „„  rccol!nil.lbl,  ,he  glvcn  c*Pressiu".  «"l»r  by  Boolean  or 

possible  lo  write  an  algorithm  (Aleoiiiln  P  "V'  *'nera,e<1’  “l"lc  S0,v,nK  »  K-map,  ii  is  noi 
proMi-np  "  ,S  IK>1  llng  ,UI  Avslcneiiic  ajiproaeh  lo  solve  any  given 

Method.  l  'C  pro,>lL'"'  assocla,ed  Wllh  K-»iap,  we  use  new  method  i.e  Quine  Me  Huskey 

A® - Quine  Me  Cluskey  Method  or  Tabular  Method  : 


M  IS  an  elficiciu  tabular  method  employed  lo  minimise  an  expression  for  six  or  more  variables.  Jut 

like  K-maps  it  searches  for  terms  that  cancel  out  the  terms  like  A  +  A.  x  +  x  and  so  on.  Before  I  sta 
explaining  you  steps  involved,  first  wc  will  learn  Prime  Implicants 

Prime  Implicant : 

Let  P  (x)  be  a  product  term  i.c.  Boolean  function  that  can  be  written  as  a  product  of  literals  of  X  1 
for  the  function  F  (x),  the  relationship  for  all  A  such  that  P  (A)  =  1,  F  (A)  =  I  holds,  then  P  is  called  a 
implicant  of  F,  means  P  (A)  =  I  implies  F  (A)  *  1.  It  means  that  every  minterm  of  P  is  also  a  nunterm  c 
F. 

Let's  take  one  example. 

F  (X)  =  AB  +  BC  +  ABC  +  AC 
Remaining  minterms  not  appearing  are, 

ABC,  ABC,  ABC,  ABC 

An  implicant  P  of  F  is  called  prime  implicant  if  any  product  term  obtained  by  deleting  a  literal  froti 
is  not  an  implicant  of  F.  Prime  implicant  is  an  indivisible  implicant  in  that  it  ceases  to  be  an  implican 
any  of  its  literals  arc  removed. 

Code  Word : 

In  the  tabular  (Quine  Me  cluskey)  method,  a  product  term  x,  x; . x„  when  n  is  equal  to  numbei 

input  variables  is  represented  by  woid  of  length  n.  In  that  1  in  the  position  denotes  uncomplemented  lite 
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*'*  0 dcno,cs  complemented  literal  (x),  aixl  tX)  dont  care  s>  mbol  indicates  neither  x  nor  x,  These  \'ords 
3rc  called  code  words 
Say  for  example. 


Digital 
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Step  I 
Step  II 

Step  III 

Step  IV 

Step  V 

Step  VI 


Step  VII 


Step  VIII 
Step  IX 


0  1  1  1  0  — >  x,  y,  x4  and  so  on  Steps  to  be  performed  for  tabular  method - - - - - - 

:  List  out  all  the  minterms  of  given  function  f  tx).  .a  d  SOP1 

:  Group  the  minterms  in  Table  format,  based  on  number  of  logical  ' I  s  m  the  s<a:i  ar 

term,  _  ^  ^ 

’  Start  from  top  and  go  on  comparing  minterms.  with  remaining  minterms.  irctn 
successive  group.  ^  „  • 

:  Combine  the  minterms.  such  that  they  differ  by  only  one  bit  The  bit  that  1  '-r- 

replaced  by 'X1. 

:  Using  Step  III  again,  reduce  first  reduction  Table  to  second  reduction  Table  a 

until  no  further  reduction  is  possible. 

:  Prime  Implicant  Selection  :  ^  ,, 

Set  up  a  cover  Table  T  whose  row  s  are  all  the  prime  impheants  and  w  Iwse  vCranins  3r^  3 
the  minterms.  Enter  an  'X  at  intersection  of  row  l  and  column  j  if  the  j  Pnm0  iinPUw3 

P,  covers  the  j,Jl  minterm  of  m . 

I  :  Now  identify  Essential  prime  implicants.  The  essential  prime  implicates  aiv  ea^tl> 

identified  by  scanning  cover  Table  for  columns  containing  exactly  one  X  It  >Uvh  a 

m}  is  found  and  its  sole  X  is  in  row  P.,  then  P,  is  an  essential  pnme  implicant  It  P,  »s 

omitted  from  solution,  m,  minterms  will  not  be  covered 

II  :  Identify  all  the  essential  rows  of  cover  Table  and  add  to  the  solution  set  S  Reduce  ce\  er 

Table  by  removing  essential  rows  and  all  columns  covered  by  these  rows 
:  Continue  applying  step  VIII  till  no  further  reduction  of  cover  Table  is  possible 


Let's  solve  one  example  to  understand  it  better. _ _ _ 

Find  minimal  SOP  expression  for  the  function 
F  (A,  B,  C,  D,  E)  =  Im  (0,  6.  8.  10,  12,  14,  17,  19.  21,  25.  27,  28.  291 

Soln. :  Step  I :  Listing  of  all  the  mmteim _ _ 

Decimal  _ Equivalent, 

(minterms) _ B4  Ba 

niQ  0  0  0 


Equivalent  Binary 


>  0 

)  0 

)  1 

)  1 

)  1 

3  l 

1  0 

1  0 

1  0 

1  1 

1  1 

1  1 

J _ 1^ 

Table  4.7 
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Step  III : 


Table  4.8 

Comparing  the  minterms  and  prepare  first  reduction  Table  vve  will  start  comparing  m,,  wul 
remaining  minterms.  Initially  compare  n^  and  m8. 


B 


B 


B. 


w|  *-*o 

0  0  0  ()  () 

'"K  =1  0  0  0  0 

So  if  you  observe  Bn  to  B,  bits  arc  same  only  B4  changes.  Therefore  we  can  make  entry  of  these  bot 


m, 

mv 


minterms  in  first  reduction  Table  as, 

m0,  inx  -»  X  0  0  0  0  (X  means  Not  Tor '()') 

Same  way  go  on  comparing  with  6,  10,  12.  17,  14,  19,  21,  25,  28,  27,  29.  You  won't  find  am 
match.  So  in  group  -  1  we  have  only  one  entry  of  m0,  m8.  Now  sum  comparing  m„.  Here  you  have  to  lake 

precaution  that  you  should  compare  present  mintenn  with  next  minterms  only.  It  should  not  be  compared 
with  previous  mintenn.  Presently  for  us  n^  is  previous  and  8,  10,  12, . ,29  are  next.  So  don't  compare 

mg  with  m0. 

While  comparing  mH  with  mintenns  you  w  ill  find  only  two  match 


inB.  m,0  — » 

= 

0  1  0  0  0 

mio 

= 

0  10  10 

-» 

0  10X0 

m8,  m12  — > 

m„ 

= 

0  10  0  0 

m,2 

= 

0  1100 

-4 

0  1X00 

These  two  terms  should  be  written  under  group  2. 

Now  group  3  will  start. 

Go  comparing  m6>  m,0.  ml2,  ml7  and  entries  of  all  there  will  be  covered  under  group  3.  Table  «.s 
shows  full  first  reduction  Table. 
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m:  ;•  m:i  0  1  1  X  0  ' 

Group  -  3  m-2,  m:,  X  l  1  0  0 

m...  j  0  0X1 

J  m-  7.  m:  _  i  0X01  r 

_ _  1X001 
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Table  4.9 

Now  from  First  Reduction  Table  we  are  going  to  (fem  e  Second  Reduction  Table 


First  Reduction  Table 


Mrntmn  Binarv  Euuivalent 
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m!4  ! 


till 


0  i  N 


till 


Table  4.10  (a) 
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Table  4.10  (b) 

the  Procedure  is  same,  group  i  should  be  compared  with  group  i  +  1.  In  this 
comparing  task  is  bit  simple,  first  check  that  'X1  matches,  if  it  matches  then  only  go  for 

ompann^g  remaining  bits.  The  term  which  is  covered,  simply  put  a  tick.  Table  4.10  shows 
both  the  Tables. 

Final  reduction  from  Table  4.10  (b)  is, 


• - — - - - -  - 

Minterm 

Binary  Equivalent 

m8,  m10,  m12,  m14  m*,  m12,  m10,  m14 

0  1  X  X  0 

bt]7,  m19,  m25,  m27,  m17,  m25,  ni|9,  m27 

1X0X1 

ntj7,  tbjj,  m2j,  m23,  m(7,  m25,  m^,  m^ 

1  X  X  0  1 

G 


and  make  Cover  Table  or  Prime  implicant  Table.  This  Table  has  a  now  for  every  prime 

implicant  and  a  column  for  every  minterm  of  Z.  An  'X'  (cross)  is  entered  at  the  intersection  of 
row  i  and  column  i,  if  prime  implicant  P,  of  row  i  covers  minterm  nij  df  row  j. 

Cover  Table  : 
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Table  4.11 
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(II 101),  (2V) 


■  o  x  o  o  o 

1 

o  0  0  o  0  ,  ((,  (,  (,  (,  0) 

0  *  0  0  0  ,  (o  I  0  0 

°  X  1  10  >(00110),  (6)|0, 

X,,0°  >0)1100),  ( I2)10, 

1  1  1  o  X  Mil  100)  (28). 

M  1  x  X  °  >  0)1000, „  (01010),.  (01  100),,  (01  I  10), 

/'  '  1X0X1  >  (1 0001),.  (1001  I, (I  1001),,  (MOM), 

“  “  ,XX01  >  coooi), ,(10101),.  (11001),, (11101), 

Ax  shown  hi  I  able  4,11,  the  iiioincnl  we  select  P,,.  P,,  and  P(;  all  ticked  minterms  arc  covered. 
)cie  ore  I  I  |r.  I  ,|  >  essential  implicaiil,  Now  as  we  select  PK,  P(.  and  P(l,  the  minterms  covered  by  Pc 

(in  .i  icrnly  coveted  thcicloie  \\.  is  not  rc(|iiired,  Now  the  remaining  minterms  are,  m0,  m6  and  m2l(. 
lo  cover  these  three  ininlcrins  we  have  to  Select  PA,  Pn  and  P, 

Final  solution  is. 

“’a*  ‘’ll*  ‘’ll*  ‘V  ‘V  *’,1 }  {0X000,  0X110.  II10X,  OIXXO,  1X0X1,  1XX01} 

Consider  we  have  A,  B,  C.  I),  E  variables  where  A  MSB  and  E  =  LSB. 

( input  Y  AC  I)  E  I  ACPE  ♦  ABC’I)  t  ABE  t  ACE  +  ADE 
('X'  terms  arc  not  considered). 


Ex.  25  : 

Soln. : 
Step  I : 


Minimise  expression  using  Quine  Me  Cluskey  method  (June  99) 

(I)  f  (A,  B,  C,  D)  =  X  (1,  3,  b,  10,  11,  12,  13,  14,  15). 

List  nil  minterms  : _ _ 


Decimal  value  or 

minterm 

Binary  equivalent 
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Table  4.12 
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Table  4.16 

cover  Tablc°  *°  Cons'^cr  rc opining  terms  from  Table  4.14  and  final  term  from  Table  4.16  and  make 


Now 
irTafc 

Step  V :  Cover  Tabic 


Minterms 


p.  I. 

m, 

m. 

m5 

mio 

mll 

m!2 

mi3 

mi4 

m!5 

PA  =  00X1 

X 

X 

Pr,  =  0X01 

X 

X 

P(T  =  X011 

X 

X 

PD  -  X101 

X 

X 

pri=  1X1X 

X 

X 

X 

X 

PF  =  1 1XX 

X 

X 

X 

X 

l/  l/  ✓  ✓  ✓  ✓ 


Table  4.17 

Pg  and  PF  both  are  essential  implicants.  If  we  cover  PE  and  PF,  these  terms  will  cover  minterm  10  t 

12,  13,  14,  15.  Now  only  remaining  terms  ai^  P^PajJP^aiui--PIJr  These  c<mfsmn{Qrmsi,3,  5,  11  a 

1 3 .  But  asjii i  ntcniis-XJ-and  ITare  already  covered  by  PE  and  PF,  therefore  consider  only  minterms  1 
and  5. 


So,  reduced  cover  Table. 

Prime  Minterms 


implicants 

m3 

m5 

PA  =  00X1 

X' 

X 

PB  =  0X01 

X 

* 

X 

PC  =  X011 

X 

PD  =  X101 

X 

Table  4.18 


Observing  Table  4. 18,  we  can  conclude  that  if  prime  implicants  PA  and  PB,  both  are  selected,  i 
over  minterms  1,  3,  5.  Therefore  one  need  not  consider  Pc  and  PD. 


Final  reduction, 

F  (PA,  PB>  PE,  PF)  s  (OQXl,  0X01,  1X1X  11XX} 
/,  F(A,  B,  C.P)aABD  +  ACP  +  AC  +  AB  . 


Minimise  expression  using  Quine- Me  Cluskey  method. 
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Further  reduction  is  not  possible. 

Step  IV  :  Cover  Table  : 

=  X010 
^PB  =  XI 00 
— Pc  =  10X0 
=  1X00 
PE  =  101X 
PF=  110X 
PG  =  1X11 
=  11X1 
^  P,  =  0001 

Table  4.22 

Here  if  we  select  PA,  PB,  Pc,  PE,  PH,  Pr  all  minterms  are  covered. 

Therefore  final  function  is, 

F  {  PA’  PB’  pc>  PE?  PH»  PI  }  =  {  X010,  X100,  10X0,  10 IX,  11X1,  0001} 

F  (A.  B.  C,  D)  =  B  C  D  +  B  C  5  +  A  B  D  +  A  B  C  +  ABD  +  ABCD 


m2  m4  ms  mio  mn  ml5 


X 

- Ill _ 

X 

_ ».  J — 

- Lk - 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

(iii)  Simplify  following  using  tabular  method  : 

F  (A,  B,  C,  D,  Er  F)  =  I  m  (20,  28,  52,  60). 

Soln. : 


Step  I : 


Minterms 

Binary 

m20 

0  10  10  0 

m28 

0  1110  0 

m52 

110  10  0 

m60 

11110  0 

Step  II :  Arrange  them  with  respect  to  number  of  bits. 


Group 

Minterm 

Binary 

1 

m20 

0  10  10  0 

2 

m28 

0  1110  0 

m52 

110  10  0 

3 

m60 

11110  0 

Step  III :  First  Reduction  Method 


Minterms 

Binary 

'”20.  'V 

0  1X10  0 

m,„  m52 

X  1  0  1  0  0 

m60, 

X  1  1  1  0  0 

1%, 

11X10  0 

V 

V 

V 

V 
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j  ”h‘"  “»■  ro«'  XIX  100 

Step  V  •  Final  — _ x  I  x  I  0  0 

P  v  '  Flnai  reduction  gives  us,  ' 

- -  F  (A,  B,  c,  D,  E,  F)  ^  B  D  E  F  -.Answer 

M  RedUCe  usi"9  Qui"«  ^  Cluskny  . 

Soln  •  List  all  1°'  D>  =  ^  <2'  3'  6'  8'  *'  13'  15)  *  ‘  W-  12, 

■  *  L,st  31*  the  minterrns. 

!  Minterrns  |  Binary 


0 

I 

I 


I 

.  ! 


I  m!2  I  1 

Now  list  all  nunterms  with  respect  to  number  of  l's 
!  e*vnm  B  B  _ _  I  _ 7 


Group  |  Min  term 


Binary 


Number  of  1' 


Fun  lev  el  implicates  (Reduction  Table) 


ocaririeu  uy  oamouaririer 


M i nte rm  Maxterm  &  Karnaugh  Ma£ 


Mintcrm 

i 

_ 

m. 

m3. 

m2 

m6. 

m. 

m.o. 

m4 

ny 

n>4, 

mi2. 

mg 

m9 

m* 

"V 

|  m* 

m,2 

m, 

m7 

,n6. 

m7, 

ny 

mi  V 

HI  ; 

mn 

m; 

m,s 

mn 

"V 

_ 4-72 


Binary 


A 

0 

0 

X 

o 

X 


B 


0 
0 

I 
1 

X 

1 


0 

X 

0 

I 

1 

0 

0 

X 

X 

1 

X 

I 


1 

1 

1 

X 

0 

0 

X 

0 


1 

0 

_0 

1 

X 


D 


X 
0 
0 
0 
0 
X 
0 

0_ 

1  i 

X 

I 

X 


V 


r  B 

Pc- 

Pn 


* 


t 

* 


Second  Reduction  Table 

'  *  "  J  —  . 


Minterim 

- - r —  - 

Binary  Equivalent 

■  ■  ■  " 

m. 

m, 

m, 

j 

0 

X 

I 

X 

m. 

m( 

m ,  1 

u 

X 

1 

X 

"Vs 

ny 

in,. 

mn 

1 

X 

0 

X 

Illy 

nt|2 

ny 

i^J_ 

1 

X 

u 

X 

Now  list  out  unlickcd  item  in  first  level  implicant  Table  and  mle  prime  miplicant  i  c  form  cover 
Table. 

Prime  Implicants 
Px  -  Xu  It) 

PH  ~  01X0 
P.  -  Xloo 
Pn  -  10X0 
P,  --  XIII 
Pf,  11X1 
=  »XIX 

=  ixox 


/,/  A 


m-  ni?  111 4  mc  m7  m,  m,  m,0  m12  mn  m,s 


J 

X 

1 

, 

X 

X 

X 

X 

.....  — — 

X 

— 

X 

X 

X 

X 

X 

X 

X 

X 

X 

L 

_ 

_ 

X 

X 

X 

X 

[ _ I  . -1 - -i — - » - - - - - ' - — - » - - 1 _ 

✓  ✓  ✓✓✓✓  ✓  ✓ 


If  we  select  P.;  and  P(i  we  almost  cover  m;.  mv  m6.  m7.  ny  ny  mI2,  mlv 

Therefore  reduced  cover  Table  is. 
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PA  =  X010 
PB  =  OIXO 

dfc  P  =  X100 

'j 

PD  =  10X0 
PF  =X111 
Pp  =  1 1X1 

Therefore  we  select  PA ,  PQ  and  PF. 

.  F  {  Pv  PB’  pe>  pg>  pH  >  =  (  X010,  01X0,  XI 11,  0X1X,  1X0X  } 

But  as  in4  and  m10  are  don't  care  conditions  we  need  not  cover  it,  therefore  front  reduced  cover  Table 
we  select  ONLY  PF. 

.  Therefore  finally,  F  {  PF,  PG,  PH  }  =  {  11X1,  0X1X,  1X0X  } 

F  (A,  B,  C,  D)  =  ABD  +  AC  +  AC  . 


Note  :  If  we  select  PE  instead  of  PF  ;  it  will  also  do. 


m4  nt10  m15 


X  - 

- - — ; _ 

X 

X 

X 

X 

X 

L 

4 


% 
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4.10  Examples  from  University  Papers 


i. 


Simplify  the  following 


expression  using  K-map  and  realise  using 


*  (A,  B,  C,  D)  -  Xm  (i,  3,  7 ,  g,  10,  12,  13,  15) 
Ans.:  Refer  Section  4.6.3,  Ex.  11. 

2.  Obtain  K-map  for  : 


AND-OR  realisation  : 
(May  96,  6  Mi 


f  (A,  B,  C,  D)  =  AB  +  BC  +  CD  (May  96,  6  M; 

Ans.:  Refer  Section  4.8,  Ex.  24  (ii). 

3.  Minimi/e  the  following  expression  using  Quine  McCluskey  tabular  method. 

f(A,  B,  C,  D)  =  X  m(2,  9,  10,  11,  13,15)  (May  96,  10  M 

Ans.  :  First  list  out  all  minterms. 

Step  I : 


Minterms 

Binary  equivalent 

A 

B 

c 

D 

m2 

0 

0 

1 

0 

m9 

1 

.  0 

0 

1 

mio 

1 

0 

1 

0 

mn 

1 

0 

l 

1 

mI3 

1 

1 

0 

1 

m15 

1 

1 

1 

1 

Table  1 


Step  II :  Arrange  minterms  depending  upon  number  of  l's  :  From  Table  1 


Binary  equivalent 

Group 

Minterms 

A 

B 

c 

D 

1 

m2 

0 

0 

1 

0 

2 

% 

1 

0 

0 

1 

mio 

1 

0 

1 

0 

3 

mn 

1 

0 

1 

1 

m13 

1 

1 

0 

1 

4 

m,5 

1 

1 

1 

1 

Table  2 
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Table  3 

Step  IV  :  Now  list  second  reduction  table  from  Table  3 
Second  Reduction  Table 


rableT and  mlTcovenl'0  T™8  fr°m  3  ““  «- 

c  +  an a  maice  cover  table  or  prime  implicant  table. 


\  Minterms 

Prime  Implicants 

Pa  =  X  0  1  o 

PB  =  1  0  1  x 

PC  =  1  X  X  1 

Pc  is  the  essential  implicant.  If  we  cover  Pc,  it  will  cover  minterms  9,  11,  13,  15.  Now  remaining 
ms  are  PA  and  PB.  These  covers  minterms  2,  10,  1 1.  But  minterm  1 1  is  already  cohered  by  Pc  therefore 
isider  only  minterm  2  and  10  by  selecting  PA. 


F(pA,  pc)  =  {X0  10,  IX  XI} 


4.  Simplify  the  following  expression  using  K-map  and  realise  using  minimum  number  of  2-input 
gates.  (Dec.  96, 6  Marks). 

f(A,  B,  C,  D)  =  Xm(l,  2,  9,  10,  11,  14,  15) 

An  s.  :  As  highest  st^te  =  15 

Therefore  K-map  required  will  be  of  4  variables  (A,  B,  C,  D). 

Step  1 :  First  draw  basic  skeleton  of  K-map. 


i 
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i  e  *i  ~>  oe^ntl>  ^°X  *s  emPly-  Write  down  T  in  the  box  whose  number  is  specified  in  the  example 

,  c  *'  2-  9-  10,  11,  14  i5 

Remaining  boxes  of  K-map  should  be  filled  up  with  zeros. 


After  making  different  groups  of  ones.  Write  down  output  equation 
Y  =  BCD  +  AC  +  BCD 


(1)  (2)  (3) 

=  B(CD  +  CD)  +  AC 
=  B(C  ©  D)  +  AC 

Implementing  above  using  Equation  (I) 


Y  =  B  (C  ©  D)  +  AC 


...0) 


* 


Fig.  Q.  4.4 

5.  Obtain  K-map  for  the  following  function  :  (Dec.  96, 6  Marks) 

f(A,B,C4>)  *  AB  +  BC  +  CD 
Ans.:  Refer  Section  4.8,  Ex.  24  (iii). 

6.  Minimise  the  following  expression  using  Quine  McCluskey  tabular  method  : 

f(A,  B»  C,  D)  *  X  m(l,  3, 4, 5, 6, 8,12, 14,15)  (Dec.  96, 10  Marks) 
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m4 

nt, 

Croup  2 
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sup  III :  L'un#  Table  6  prepare  fin!  rtducuon  t*>k 
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Binary  equivalent 

Group 

Mintcrms 

A 

B 

c 

D 

Group  1 

m„  m3 

0 

0 

X 

1 

Pa 

mt,  m5 

0 

X 

0 

1 

PB 

m4,  m5 

0 

1 

0 

X 

Pc 

m4,  mg 

0 

1 

X 

0 

V 

m4,  m12 

X 

1 

0 

0 

V 

mg,  m12 

1 

X 

0 

0 

->Pd 

Group  2 

m6>  m14 

X 

1 

1 

0 

V 

mi2>  m14 

1 

1 

X 

0 

V 

Group  3 

mi4,  m15 

1 

1 

1 

X 

PE 

Table  7 


Step  IV  :  From  Table  7  from  second  reduction  table. 


Group 

Minterms 

Binary  equivalent 

A  B  C  D 

Group  1 

m4’  m6>  m12> 
m4>  m12’  mH 

X  1  X  0 

X  1  X  0 

Table  8 


Now  we  have  to  consider  remaining  terms  from  Table  7  and  final  term  from  Table  8  and  make  cover 
table  or  prime  implicant  table. 

Step  V :  Cover  table 


Mintcrms 


Prime 

Implicants 

ml 

m3 

m4 

m5 

m6 

m8 

m12 

m14 

m15 

Pa 

= 

0 

0 

X 

1 

X 

X 

Pb 

= 

0 

X 

0 

1 

X 

X 

Pc 

- 

0 

1 

0 

X 

JL 

X 

Pd 

* 

1 

X 

0 

0 

X 

X 

Pe 

= 

1 

1 

1 

X 

1 

X  ' 

X 

pF 

s 

X 

1 

X 

0 

X 

X 

X 

X 

/  /  /  /  X 

Table  9 

Pp  is  the  essential  implicant.  If  we  cover  PF,  it  will  cover  minterm  4,  6,  12,  14.  Now  emaining 
emw  are  PA,  PB,  Pc,  PD  and  PE.  These  cover  minterms  1,  3,  5,  4,  8,  12,  14,  15.  But  as  mintcrms  4.  12 
ind  14  are  already  covered  by  PF,  consider  only  minterms  1,  3,  5,  8  and  15. 
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So  reduced  cover  table 
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Prime  Implicants 


Minterms 

ml  m3  m5  m8  m15 


*A  =00X1  XX 
P»  =  0  X  0  1  X  X 

PC  =  0  1  0  X  X 

PD  =  1  X  0  0  x 

PK  =  1  1  1  x  _  x 

Table  10 

Observing  Table  10.  we  can  conclude  that  if  prime  implicants.  PA,  PB,  PD  and  PF  are  selected,  it  will 
cover  minterms  1,  3,  5.  8  and  15.  Therefore  we  need  not  consider  P^.. 

Final  reduction. 

F(p,v  PB.  PD,  PE,  PF)  =  {0  0  X  1.  0  X  0  1,  1  X  0  0,  1  1  1  X.  X  1  X  0} 

F  =  ABD  +  ACD  +  AC  D  +  ABC  +  BD|  ...Ans. 

7.  Simplify  the  following  expression  using  K-map  and  realize  using  any  two  input  gates  : 

f(A,  B,  C,  D)  =  I  m  (4,  5,  8,  9,  11,  12, 13, 15)  (May  97, 6  Marks) 

Ans.:  Refer  Section  4.6.3.  Ex.  13. 

8.  Draw  K-map  for  the  following  function  and  simplify  :  (May  97, 6  Marks) 

F  =  AB  +  ABC  +  ABC 
Ans.:  Refer  Section  4.8,  Ex.  24  (iv). 

9.  Minimise  the  following  expression  using  Quine  McCluskcy  tabular  method: 


f(A,  B,  C,  D)  =  I  m(l,  4,  6,  7,  9,  12,  13,  14, 15) 

Ans.  : 

Step  I :  List  all  the  minterms.  _ 


Minterms 

m. 


(May  97, 10  Marks) 


Binary  ei 

quivalent 

A 

B 

C 

D 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

l 

0 

1 

1 

1 

1 

Table  11 
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Group  3 
Group  4 


Group 

av  iiuiucnns  v 

Min  terms 

I  A  B  C  D  1 

■ 

0 

0 

0 

1 

fiBHi 

0 

1 

0 

0 

mm 

0 

1 

1 

0 

Group  2 

1 

0 

0 

1 

1 

1 

0 

0 

Itln 


m 

m 


13 

1± 


m 


15 


0 

1 

1 


1 

0 

1 


1 

1 

0 


Step  III 


->PA 

< 

V 

V 

PB 

V 

V 

V 

V 

yl 


Table  12 

*’  Ursing  Table  12  prepare  first  reduction  table. 


■ 

Min  terms 

Binary  equivalent 

A 

B 

c 

Ml 

EES 

0 

0 

1 

Group  1 

m4,  mg 

0 

1 

X 

0 

m4>  ml  2 

X 

1 

0 

0 

m6,  m7 

0 

1 

1 

X 

m6,  m]4 

X 

1 

1 

0 

Group  2 

m9,  m13 

1 

X 

0 

1 

m12>  m13 

1 

1 

0 

X 

m12>  m14 

1 

1 

X 

0 

m7,  m13 

X 

1 

1 

1 

Group  3 

m13»  m15 

1 

1 

X 

1 

m14>  m15 

1 

1 

1  • 

X 

Table  13 


Step  IV :  Using  Table  13  list  second  reduction 


■Mj 

Binary  equivalent  | 

Min  terms 

A 

B 

c 

ESI 

m4>  Big,  nii4 

X 

1 

X 

0 

m4,  nij2,  m6,  m14 

X 

1 

X 

0 

ttmm 

m6,  m7,  m14,  mj  5 

X 

1 

1 

X 

Group  2 

m6,  m14,  m7,  mI5 

X 

1 

1 

X 

mi2,  ni|3,  mj4, 

1 

1 

X 

X 

mttm 

m12,  IBl4»m13’  m15 

1 

1 

X 

X 

Table  14 
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cover  table.  °nSlder  rcmainin8  tcrms  fr°m  Table  13  and  final  terms  from  Tabic  15  and  make 

Step  V  :  Cover  table 


Prime  Implicants 

3A  =  X  0  0  1 

=1X01 

c  =  X  1  x  0 


Minlerms 


D 


Pe 


X  1  1  X 

1  1  X  X 


X 

X 

1  D 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

/  /  /  / 


Table  16 


,  ,  ,a'ld,PE  are  eSSomial  ""Pl,cams  ,f  we  “ver  Pc  PD  and  PE  ;  these  terms  will  cover  mmterms 

4,  6,  7,  12,  13,  14,  15.  Now  only  remaining  terms  are  PA  and  PB.  These  cover  minlerms  1,  9  a.,H  n  n.a 
minterm  13  is  already  covered  by  PE.  Therefore  consider  only  minterms  1  and  9  r  n  f  n 


So  reduced  cover  table. 


Prime  Implicants 


Minterms 


m 


PA 

=  X 

0 

0 

1 

X 

X 

PB 

=  1 

X 

0 

1 

X 

L 


mr 


library 

IT 

74-5  . 

-  hn\ 


Table  17 

.  Observing  Table  17,  we  can  conclude  that  if  prime  implicant  PA  is  selected,  it  will  cover  minterms  1 
and  9.  Therefore  we  need  not  consider  PB. 

Final  reduction 

F(PA,  pc>  Pj>  Pe)  =  {X001,X1XO,X1  IX, 1  1XX} 


F(A,  B,  C,  D)  =  BCD  +  BD  +  BC  +  AB 


...Ans. 


10.  Simplify  the  following  expression  using  K-map  and  realise  using  minimum  number  of 
2-input  gates.  (Dec.  97, 6  Marks) 

f(A,  B,  C,  D)  =  I  m  (2,  3,  4,  6,  7,  9,  10, 13,15) 
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•  variables  (A,  B,  C,  D). 


P»afta[ 

"  ’  ~~  — —  '  _  1VIII  iwi  ■  * 

e  highest  state  =  15,  therefore  K-map  required  will  be  of  4 

CP  1  ’  N°W  f,rst  draw  basic  skeleton  of  K-map. 

i  e  2  *’ P!"CSent,y  box  is  emPty.  Write  down  1  in  the  box  whose  number  is  specified  in  the  example 

16  2’3’  4’  6>  7>  9,  10,13,15. 

Remaining  boxes  of  K-map  should  be  filled  up  with  zeros. 


After  making  different  groups  of  ones  write  down  output  equation. 

Y  =  A  C  +  ACD  +  ABD  +  ABD  +  BCD 
(1)  (2)  (3)  (4)  (5) 

=  AC  +  ACD  +  B(AB  +  AB)  +  BCD 
=  C(A  +  BD)  +  ACD  +  B(AB  +  AB) 
Implementing  above  using  Equation  (2) 
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„  ~  ~ - - - - - Mjnterm,  Maxtermand  Karnaugh  Man 

'  “  '"e'°‘'0Wing  Using^u^^^lu^ey^abuiar^i^ho(|^ 

A„,  :  '  ’  '  'D)^m  (1’  3’  7'  9’  10’  "•  «•  >5>  (De,  ,7,  ,0  Marks) 

Step  I  :  List  all  the  minterms. 

f  Mintenns  I  Binarv  Pnilivnlnnt  I 


Binary  equivalent 

A 

B 

c 

D 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

Table  18 

Step  II :  From  Table  18  arrange  minterms  with  respect  to  1. _ 

_ Binary  equivalent 

Group  Mintenns  ABC 

-  GrouP  1 _ ^ _ Pop 

m3  0  0  1 

Group  2  1%  10  0 

_ ^Hio _ 1 _ 0 _ 1 

m7  Oil 

Group  3  mn  10  1 

_ 2^13 _ 1 _ 1  0 

Group  4  mi5 _ 1 _ 1 _ i 

Table  19 

Step  III :  Using  Table  19  prepare  first  reduction  table. _ 

_ Binary  equivalent 

Group  Minterms  A _ B _ C _ D 

Group  l  mi,  m3  o  0  X  1 

_ mi>  n»9  X  0  0  1 

m3’  m7  0  X  1  1 

m3»  mH  X  0  1  1 

Group  2  m9*  mi  i  1  0  X  1 

m9»m13  1X01 

_ mio»mn  1  0  1  X 

Group  3  m7>  mi5  X  1  1  1 

mll»  m15  1X11 


Group 
Group  1 


Group  2 


Group  3 
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Minterm, 


*  ,21!’^  1  able  20  list  second  reduction  table  , 

Binary 

equivalent 

Grou  n 

Min  terms 

A 

B 

C 

D 

1 

n»|.  tnv  in,,,  m, , 

X 

0 

X 

1 

m,.  m9.  mv  m, , 

X 

0 

X 

1 

> 

m3.  n\7.  m, m,  s 

X 

X 

1 

1 

m3,  in,,.  ni;.  mn 

X 

X 

1 

1 

m9,  in,,.  m,,.  in,  ^ 

1 

X 

X 

1 

m9.  m,,.  mn,  in,, 

1 

X 

X 

1 

Maxterm  and  Karnaugh  | 


Table  21 


Mintcmis 

Binary  equivalent 

A  B  C  D 

mi*  mv  nV  m,,.  nr,,  m,,.  m,.  mn 
m^.  m7  in,,.  m,s.  m^.  mn,  m7.  m15 
nV  mn.  in,,.  m,5.  m9.  mn.  mn.  mls 

X  0  X  l 

X  X  1  1 

l  X  X  1 

Table  22 


->  P 
->  P 
-4  P 


Step  VI :  Now  we  have  to  consider  remaining  terms  from  Table  20  and  final  term  from  1  able  22 
make  cover  table. 


and 


Prime  Implicants 

m. 

m3 

m7 

tl»9 

1,1 10 

mn 

mu 

m,s 

Pa 

=  1 

0 

1 

X 

X 

X 

Pb 

=  X 

0 

X 

1 

X 

X 

X 

X 

Pc 

=  X 

X 

1 

1 

X 

X 

X 

X 

Pd 

=  1 

X 

X 

1 

X 

X 

X 

X 

/  /  /  /  /  / 

Tabic  23 


All  implicants  are  prime. 

F(P.^  PB,  Pc- PD)  =  {10  1X.XOX1.XX1  1,  IX  XI} 

- - - , 

F  =  ABC  +  BD  +  CD  +  AdJ 


...Ans. 


1J.  Minimise  the  following  expression  using  Quine  McCluskey  tabular  method. 

(May  98, 10  Marks) 

f(A,  B,  C,  D)  »  nM(0, 2, 3, 5, 6,  7, 9,13,  14,  16, 18,  19,  21, 22, 23,  25, 29,  30) 


Scanned  by  CamScanner 


D 


The  max-terms  are. 


?L Jyjgyje jm  and  Karnaugh  Map 


f(A.  B.  C.  D)  =  Xm(i,  4,  8.  10.  11.  12,  15,  17.  20.  24.  26.  27.  28.  31) 
Step  I :  List  all  the  minterms 


Tabic  24 


Scanned  by  CamScanner 
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Step  IV  :  From  Table  26  prepare  second  reduction  t3ble 


N 

\ 

N 

yi 

V 

V 

t 

\ 

V 


1 

Binary  equivalent 

|  Group 

Min  terms 

A 

B 

c 

D 

E 

m4.  m12.  nvjo-  m2g 

X 

X 

1 

0 

0 

m4.  m20.  ntj2.  m2g 

X 

X 

1 

0 

0 

I  1 

m8*  m10>  m24’  m26 

X 

1 

0 

X 

0 

m8.  m j  2>  m:4.  m2 8 

X 

l 

X 

0 

0 

J 

m8-  m;4'  m12'  m28 

X 

1 

X 

0 

0 

1  2 

m10,  nij,  m^g.  m27 

X 

1 

0 

l 

X 

m,0. n^g.  mjj,  m27 

X 

1 

0 

1 

X 

I  - 

ni]j,  ^15’  n^3i 

X 

1 

X 

1 

1 

I 

mll-  m27-  m15*  m31 

X 

1 

X 

l 

1 

Tabic  27 
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table.  '  Vl '  N°W  W*  haVC  ,0  C0nsidcr  Some  lcn"s  fn>m  Table  26,  Table  27  and  Table  2*  and  make  cover 


Minterms 


*A 

=  X 

0 

0 

0 

1 

Pb 

=  X 

1 

()• 

X 

0 

Pc 

=  X 

X 

1 

0 

0 

PD 

=  X 

1 

X 

0 

0 

PE 

=  X 

1 

0 

1 

X 

Pf 

=  X 

1 

X 

1 

1 

X 

X 

4V 

‘"lb 

"‘21 

‘"2K 

,u1l 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Table  29 


Step  VII :  We  conclude  that  if  prime  implicants  PA,  Pc,  PD,  PE  and  PF  arc  selected.  It  w  ill  cover  ali 
he  minterms.  Therefore  we  need  not  consider  PB. 

Final  reduction 

F(Pa,  Pc,  Pd,  Pe,  Pf)  =  {X  0  0  0  1,  X  X  1  0  0,  X  1  X  0  0,  X  1  0  1  X,  X  1  X  1  1  } 


F(A,  B,  C,  D,  E)  =  BCDE  +  CDE  +  BDE  +  BCD  +  BDE 

14.  Consider  following  boolean  expression  : 

Y  =  EjEj  +  EjEq  +  E2E,E0 


...Ans. 


(i)  Show  K-map  for  this  function. 

(ii)  Reduce  it  by  using  K-map. 

Ans. :  (i)  Observing  the  expression  we  conclude  that  it  has  4  variables. 
Draw  basic  skeleton  of  4  variable  K-map. 


(May  98, 3  Marks) 


Scanned  by  UamScanner 


Y  =  EoEj  +  E|Ej  +  E2E, 
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jyilQterrn,  Maxterm  and  Karna,.^ 


15.  Draw  Vcitch  diagram  for  the  following  function  : 

f(A3,  A2,  \v  Ao)  *  S  m(0,  1,  2,  8,  9,  10,  13,  15)  M 

4n«  •  n  (May  98, 5  Marks) 

given  known  '"*>  SkeIel°n  °f  K'maP  ■  Writc  1  *>r  the 


Y  = 

BD 

+  ABD  + 

BC 

(1) 

(3) 

(2) 

16.  (a)  Make  a  K-map  for  the  function 


Ans.: 


Y  =  AB  +  AC  +  C  +  AD  +  ABC  +  ABC 


AB 

\CD 

CD 

CD 

CD 

CD 

\ 

oo 

01 

11 

10 

AB 

00 

0 

0 

1 

1 

0 

1 

3 

2 

AB 

01 

0 

0 

1 

’  1 

4 

5 

7 

6 

AB 

11 

1 

1 

1 

1 

12 

13 

15 

14 

AB 

10 

1 

1 

1 

1 

8 

9 

11 

10 

(May  98,  2  Marks) 


(b)  Express  Y  in  standard  SOP  form.  (May  98, 3  Marks) 

Ana. ;  Y  =  AB  +  AC  +  C  +  AD  +  ABC  +  ABC 

*  AB  (C  +  C)  (D  +  D)  +  AC  (B  +  B)  (D  +  D)  +  C  (A  +A)  (B  +  B)  (D  +  D) 

+  AD  (B  +  B)  (C  +  C)  +  ABC  (D  +  5)  +  ABC  (D  +  D) 
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Mlntom  Maxtor,  and  Karnaugh  MaE. 


AH(’I)  i  ABCD  i  ABCD  f  ABCD  i  ACBD  +  ACBD  +  ACBD 
1  ACBD  t  (AC  I  AC)  (B  f  B)  (I)  +  D)  +  ABCD  +  ABCD  +  ABCD  +  ABCD 
1  ABCD  +  ABCD  +  ABCD  +  ABCD 

ABCD  t  ABCD  +  ABCD  i  ABCD  +  ACBD  +  ACBD  +  ACBD  +  ACBD 
f  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  At) CD 
-AB(D  f  ABCD  (  ABCD  l  ABCD  -t  AB£t>  +  ABCD  +  ABCD  +  ABCD 


Y  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD 
ABCD  +  ABCD  +  ABCD  +  ABCD 


...Ans. 


ist  it  and  lealise  the  minimized  expression  using  NAND  Kate  only.  (May  -t  marks) 


Ans.  : 


As  A  i-A  1 


Y  «  AB  +  AC  +  C  +  AD  +  ABC  +  ABC 
=  AB  +  AC  +  C  +  AD  +  AC  (B  +  B) 

=  AB  +  AC  +  C  +  AD  +  AC 
=  AB  +  A(C  +  C)  +  C  +  AD 
=  AB  +  A  +  C  +  AD 
=  A(B  +  1)  +  C  +  AD 
=  A  +  C  +  AD 
=  A  (1  +  D)  +  C 
=  A  +  C 

=  a  +~c 

As  A  =  A  and  using  Dcmorgan  theorem 
A  +C  =  A  .  C 


(  .  1  +  B  =  1) 


Y  =  AC 


...Ans. 


Implement  this  using  NAN D  gate 


a  ^ ° — a  =  — £  ~  y 


...Ans. 
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Digital 


(tl)  Express  Y  in  standard  POS  form. 

Ans. :  The  minimised  expression  from  last  answer  is. 

Y  =  AC 

•••  In  POS  form,  Y  =  AC  (B  +  B)  (D +  D) 
Simplify  this,  we  get. 


-Mnterm,  Maxterm  and  Karnaugh  Map 
(May  98, 3  Marks) 


— — - (A  +  B  +  C  +  D)  (A  +  B  +  C  +  D)  (A  +B  +  C  +  D)  (A  +  B  +  C  +  D)j 

...Ans. 

(e)  Minimise  it  and  implement  it  using  NOR  gates  only.  (May  98, 4  Marks) 

AnS"  :  Y  =  (A  +  B  +  C+D)(A  +  B  +  C  +  D)(A  +  B+C  +  D)(A+B  +  C  +  D) 

=  (A  +  B  +  C)  (D  +  D)  (A  +  B  +  C)  (D  +  D)  {AsA  +  A  =  1} 

Y  =  (A  +  B  +  C)  (A  +  B  +  C) 

=  (A  +  C)  (B  +  B) 

Y  =  A  +  C 
Now  using  Boolean  law 

A  +  C  =  A  +  C 


{As  A  +  A  =  1} 


••  Y  =  A  +  C 

17.  Simiplify  the  Veitch  diagram  and  obtain  reduced  SOP  form  expression. 
fCA^Ajp  ApAo)  =  I  m  (0,  2,  3,  7,  9, 10, 11) 

(i)  Find  reduced  expression  using  Boolean  Algebra. 

Ans.:  According  to  minterms  write  expression  for  each  term. 


...Ans. 


(Dec.  98,  -t  Marks) 


Y  —  A3A2A  jAq  +  A3A2AjAq  +  A3A2Aj  Aq  +  A3A2AjA^ 

*  +  A3A2Aj  Aq  +  A3A2AjAq  +  A^AjAjAq 

As  A  +  A  =  A 

So  adding  some  terms  to  the  equation  we  get 

Y  «  ^AjAjAq  +  +  AjAjAjAq  +  A3A2AlA0  +  A3  AjAjA^ 

+  A3  A2Aj  Aq  +  A3  AaAjAo  +  A3  A2XjA0  +  AJA2AJAQ 
=  A3A2Ao(Aj  +  Aj)  +  A3A1A0  (A2  +  A2)  +A3A2  At(Ao  +  A0)  +  A3A2Aq(Ai  +  Aj) 

+  A3A2Aj(Ao  +  A0) 
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*  A3A2A0  +  A3Aj  A0  +  a3a2a,  +  A3A2A0  +  a3a2a, 
=  A3A2A0  +  A3A,A0  +  A2A,(A3  +  A3)  +  A3A2Ao 

=  a3a2a0  +  a3a,a0  +  a2a,  +  a3a2a0 
Y  =  A3A2A0  +  A3AjA0  +  A2Aj  +  a3a2a() 


(ii)  Find  reduced  expression  using  K-map. 
Ans.  : 


Y  =  a3  a2  a0  +  a3  a,  a0  +  a3  a2  Aq  +  A2  A| 


.  Minimise  following  expression  using  Quine  McCluskey  technique. 

f(A3,  A2,  A,,  Aq)  =  Z  m  (0,  1,  4,  6,  13,  15,  16,  17.  29,  31) 


ns.  : 


p  I :  List  all  the  minterms. 


Minterms 

A 

B 

c 

D 

E 

mo 

0 

0 

0 

0 

0 

< 

mi 

0 

0 

0 

0 

1 

yl 

m4 

0 

0 

1 

0 

0 

V 

m6 

0 

0 

1 

1 

0 

< 

m13 

0 

1 

1 

0 

1 

V 

m,5 

0 

1 

1 

1 

1 

V 

m16 

1 

0 

0 

0 

0 

V 

m,7 

1 

0 

0 

0 

1 

V 

m29 

1 

1 

1 

0 

1 

< 

m31 

1 

1 

1 

1 

1 

Table  30 


andKarnaua^Map:. 

* 

...Ans. 

(Dec.  98, 4  Marks) 


...Ans. 

(May  98, 10  Marks) 
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Mep  11 :  Arn>"Se  mintcrms  according  to  number  of  l's. 

I  Group  [  Minterms"  A  B 


jmterm,  Maxterm  and  Karnaugh 


Tabic  31 

Step  III  :  Using  Tabic  31  prepare  first  reduction  Table  . 

Group  Minterms  A  B 

1  ni0,  in,  o  o 

m0,  ni4  o  u 

_ »Vmi6  X  () 

2  ni,,m17  x  0 

I»4’  m6  0  0 

_ nll6’  mi7  1  0 

4  ni,^,  ni,5  o  l 

nii 3,  m29  X  1 


m, 5,  m31 
11129, 1H3 1 


Table  32 

Step  IV :  Using  Table  32  prepare  second  reduction  table 


Group 


Minterms 


m0  mi«  mi6-  m,7 
niQ.  m16.  m,.  m,7 


m,3.  ni,5,  m29,  ntj, 
m13. 11129,  nijj,  m31 


Table  33 


Scanned  by  CamScanner 


TablC  34  nd  make 

Step  VI  :  Now  we  have  to  consider  terms  from  Table  33  and  some  terms  from  fig-  18  5  an 

>er  table. 


Prime  Implicants 

PA  —  0  0X0  0 

PB  =  0  0  1  x  0 

Pc  =  X  0  0  ox 

PD  =  X  1  1  X  1 

V  v  V  V  V  V  V  ^ 

Table  35 


PB  Pc  and  PD  are  essential  implicants.  If  we  cover  Pc  and  PD,  these  terms  will  cover  minterms  0,  1 
•»  13,  15,  16,  17,  29,  31.  By  taking  these  three  terms,  PA  is  covered. 

.*.  Final  reduction 

F(PB,  Pc,  Pd)  =  {  0  0  1  X  0,  X  0  0  0  X,  X  1  1  X  1  } 


F(A,  B,  C,  D,  E)  =  ABCE  +  BCD  +  BCE 


19.  Draw  a  Veitch  diagram  for  the  following  function  and  find  the  reduced  expression. 

f(^3»  ^2*  ~  tcM  (2*  3,  7,  8, 10, 12, 14)  (May  98, 6  Marks) 


AgA2  \  A^Aq  A.,+Aq  A-j+Aq  A^Aq 
\  0+0  0+1  1+1  1+0 


A3+A2  0+0 


Ag+Ao  0+1 


A3+A9  1+0 


innii 
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As  ii  is  product  of  maxtcrms  make  groups  of  zeros. 
Output  equation  is 


Minterm,  Maxterm  and  Karnaugh  Map 


Y  =  (A0  +  A-,)  (A-,  +  A2  +  A,)  (A3  +  A,  +  A()) 
_ d) _ (2)  _  (3) 


...An*. 


20.  Simplify  the  following  expression  using  K-map  and  realise  using  any  2-input  gates. 

f(A,  B,  C,  D)  =  X  m  (1,  2,9, 10, 11, 14, 15)  (June  99,  6  Marks) 

Ans.  : 


.-.  Output  equation. 


Y  =  AC  +  BCD  +  BCD 
=  AC  +  B(CD  +  CD) 


Y  =  AC  +  B(C  ©  D) 


...Ans. 


Implementation  of  above  equation  using  any  2  input  gates. 


Fig.  Q-  4  20 

21.  Draw  K-aup  for  .be  : 

y  =  ABCD  +  BC  +  BD  +  ABCB  +  BC 

Ans.:  Refer  Section  4.S,  Ex.  24  (v). 


...An*. 
(June  99, 6  Mart**) 
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Minterm,  Maxterm  and  Karnaugh  MgR,. 


22.  Minimize  th~  t  ..  . - - - - Minterm,  Maxterm  and 

f(A,  B,  c  I)7rSy,|'reSSi0n  “Si"8  Quinc  McCluskey  tabular  method  : 


ffA  R  r  nt  r,  -evuincracuu 

H=fe;Sc;L^EfT3’5’,0',,’,2'u’i4’,!) 

23'  (a>  Mal«  a  K-map  for, he  function 

v  =  AB  +  AC  +  c  +  ABC  +  ABC 


Ans. 


(June  99, 10  Marks) 


(Dec.  99, 2  Marks) 


All 


BC 

00 


1 


1 


BC 

01 


BC 

11 


0 


BC 

10 


1 


rH® 

*© 


Y=C  +  A  =  A  +  C 

(b)  Express  Y  in  standard  SOP  form. 


Ans.  : 


...Ans. 
(Dec.  99, 3  Marks) 


As  (A  +  A  =  A) 


As  (A  +  A  =  1) 


Y  =  AB  +  AC  +  C  +  ABC  +  ABC 

=  AB  (C  +  C)  +  AC  (B  +  B)  +  C(A  +  A)  (B  +  B)  +  ABC  +  ABC 
=  ABC  +  ABC  +  ABC  +  ABC  +  ABC  +  ABC  +  ABC  +  ABC 
=  ABC  +  ABC  +  ABC  +  ABC  +  ABC  +  ABC 
=  AB  (C  +  C)  +  AB  (C  +  C)  +  AC  (B  +  B) 


Y  =  AB  +  AB  +  AC 
But  Y  in  standard  SOP  form  is, 

Y  =  ABC  +  ABC  +  ABC  +  ABC  +  ABC  +  ABC 
(c)  Minimise  it  and  realize  using  only  NAND  gates.  (Use  K-map) 

Ans. :  From  K-map 

Y  =  A  +  C 

Y  =  A  +  C 

(Now  using  Demorgan  theorem  A  +  B  =  A  •  B) 


...Ans. 
(Dec.  99,4  Marks) 


Y  =  AC 


Y  =  AC 


•  •  •  An  $• 


[Vow  implement  above  equation  using  NAND  gates  only. 
Scanned  by  CamScanner 
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As 


.^MinterilMa^mand. KarnaujhM,,, 


(<1)  Express  Y  in  standard  POS  form. 
Ans.  :  The  K-map  for  Y  is, 


Fig.  Q.4.23  (a) 


Making  groups  of  zeros  we  get, 

Y  =  (A  +  C) 

In  standard  POS  form, 

Y  =  (A  +  C  +  BB) 


Y  =  (A  +  B  +  C)  (A  +  B  +  C) 


(e)  Minimise  it  and  realize  it  using  only  NOR  gates  (use  K-map) 
Ans. :  From  K-map,  Y  =  A  +  C 
As  A  =  A 


Y  =  A  +  C 


Implementation  of  above  equation  using  NOR  gates  only. 

A - '  T 


(Dec.  99, 4  Marks) 


...  An  s. 
(Dec.  99, 4  Marks) 


...Ans. 
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24.  Minimise  the  following  function  llsi„g  Qui„e  McCInsk,  method  :  (Dec.  99, 10  Marta) 

f(A,  B,  C,  D,  E)  =  X  m  (8,  9,  10,  11,  13,  15,  16,  18,  21,  24,  25,  26,  27,  30,  31) 


Ans.: 

Step  I  :  List  nil  the  minterms. 


f  '  ' 

Minterms 

A 

B 

C 

D 

E 

m8 

0 

1 

0 

0 

0 

V 

m9 

0 

1 

0 

0 

1 

V 

mio 

0 

1 

0 

1 

0 

V 

mn 

0 

1 

0 

1 

1 

V 

m13 

0 

1 

1 

0 

1 

V 

V'  V 

m15 

0 

1 

1 

1 

1 

V 

m16 

1 

0 

0 

0 

0 

V 

m18 

1 

0 

0 

1 

0 

V 

m21 

1 

0 

1 

0 

1 

V 

m24 

1 

1 

0 

0 

0 

< 

if  y  •  /  . 

m25 

1 

1 

0 

0 

1 

V 

m26 

1 

1 

0 

1 

0 

V 

t .  . 

m27 

1 

1 

0 

1 

1 

V 

':f.A 

m30 

1 

1 

1 

1 

0 

V 

i'f/J  - 

m31 

1 

1 

1 

1 

1 

< 

Table  36 

Step  II :  Arrange  all  the  mintenns  according  to  number  of  one's 

Group 

Minterms 

A 

B 

c 

D 

E  1 

•  - 

1 

m 

8 

0 

1 

0 

0 

0  1 

j 

:  '  V  ... 

m 

16 

1 

0 

0 

0 

0 

yj 

.r  • 

m 

9 

0 

1 

0 

0 

1 

u 

m10 

0 

1 

0 

1 

0 

u 

•• 

2 

m18 

1 

0 

0 

1 

0 

u 

m24 

1 

1 

0 

0 

0 

1  > 

mu 

0 

1 

0 

1 

1 

1  A 

r  m13 

0 

1 

1 

0 

1 

1  ^ 

3 

m21 

1 

0 

1 

0 

1 

*  r 

“~ST 

1 

0 

0 

1 

f ;  - 

m2  6 

1 

1 

0 

1 

0 

ir: 

m15 

0 

1 

1 

1 

1 

4 

m27 

1 

i 

1 

0 

1 

1 

m 

m30 

1 

1 

1 

1 

0 

• 

ip  t  ' 

5 

m31 

1 

1 

1 

1 

1 

Tuhle  37 


I 


/* 
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E  I 


0 

1 

0 

X 

X 

X 

1 

0 

0 

X 

0 

1 

0 

X 

X 

0 

1 

0 

X 

X 

X 

1 

0 

X 

0 

X 

1 

0 

0 

X 

X 

1 

0 

X 

0 

1 

X 

0 

X 

0 

1 

X 

0 

X 

0 

0 

1 

X 

X 

1 

X 

1 

0 

X 

1 

0 

1 

X 

X 

1 

X 

1 

0 

X 

1 

X 

1 

0 

1 

X 

X 

1 

0 

l 

X 

1 

1 

0 

X 

X 

1 

1 

0 

X 

X 

X 

1 

X 

1 

1 

X 

1 

X 

1 

1 

1 

1 

X 

1 

X 

1 

l 

X 

1 

X 

Table  39 

Step  V  :  From  Table  39  prepare  third  reduction  table 


Minterms 


nig,  m^,  m10,  mjj,  mg,  mj0,  m^,  mjj,  m8,  mj0,  m^,  m13 
m8,  m^,  m24,  m25,  m8,  m24,  ni9,  m25 

m8>  mJ0>  m24’  m8’  m24»  m10>  m26 

mI6>  m18’  m24>  *^26’  m16’  m24*  m10>  m26 
ni9,  mjj,  m13,  m15,  1119,  mj3,  m13,  m^ 

m9’  mll»  *^25’  ^21*  m9*  m25»  mtl’  m27 

m,0,  ntjj,  m26,  m27,  m10,  m26,  mjj,  m27 

m24*  m25>  m26  m27*  m24*  m26*  m25»  “27 
mll»  m15»  *”27’  Hbl»  mN*  m15*  m31 
2 6*  ^  "bo*  m31>  m26>  m30>  m27>  m31 


Table  40 


ABC 


m 

E 

X 

X 

->  PA 

0 

X 

PB 

X 

0 

->  Pc 

X 

0 

->pD 

X 

1 

->PE 

X 

1 

-»PF 

1 

X 

PG 

X 

X 

~ *  PH 

1 

1 

-»p. 

1 

X 

— *  P| 
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"  V  ‘  .Ti  C  0. 


"c 

j  “< 

*■»*  _ 

E3B 

HI  r  5 

mit- 

m:i 

m;6 

m.- 

• 

m30 

m3t 

K  X\ 

*1 x 

X 

X 

■ 

■ 

B 

B 

B 

-  \ .  i  \ 

_u 

B 

■ 

n 

— 

B 

B 

B 

X 

X 

'a  ~  \  \ 

X 

X 

■ 

■ 

fl 

B 

B 

X 

X 

Bl 

*  :  \  v 

1  i 

■ 

■ 

B 

X 

X 

X 

■ 

X 

»  4 

S 

y 

*  , 

M 

hj 

r- 

X 

X 

B 

B 

: 

n 

r^X  =  V  V' 

»j ■*  <?  v  J  "Vt 

X 

X 

B 

B 

B 

B 

X 

B 

X 

=  v::\  1 

_ 

j  X 

X 

B 

B 

fl 

B 

B 

1 

■  ■ 

X 

X 

B 

xx 

■ 

■ 

_ 

r 

[Z 

[Z 

X 

X 

■ 

i - 

?  =  XX- : 

B 

B 

X 

B 

B 

B 

B 

B 

X 

X 

fa  =  ;  \  \ 

_ 

r 

B 

B 

B 

B 

B 

IX 

X 

X 

X 

S.  •  1 1  2-i  ini  15  ltcsc  reruns  are  cc\cred  b'  16.  IS  are  covered  by  prune  imphcani  Pq.  13 

mf  *5  arc  cc  •  =~.c  y  ?t  It''.  '  ire  3  i  are  cohered  by  P-  NL'ruenn  II  is  noi  covered  so  "e  "ill  write 


1  >SyjTiaZ  '- . 


l 


77  ?  .  p.  =  {  01  .XX.  1X0X0.  0IXX1.  11X1X.  10101  ) 

f  A.  3.  C.  D.  E>  =  ABC  -  ACE  -  ABE  ♦  ABD  -  ABODE 


...Ans, 


□  □□ 
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Syllabus :  ' 

Mixed  logic  combinational  circuits,  Multiple  output  functions 


Name  of  the  Topic 

Section 

number 

Theory 

Problems 

•  Introduction 

5.1 

V 

•  Multi-input  multi-output  combinational  circuit 

5.2 

- 

V 

Code  conversion 

5.3 

- 

Comments 

•  Very  important  chapter. 

•  Don't  skip  any  section. 
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Combinational  Logic  Circuits 


technique  us‘  ^C\?°U  arc  a'varc  with  numbering  system,  codes,  boolean  expression,  logic  gates,  reduction 
knowledge  r' 118  K  maP*  Quinc  Mc‘chiskcy  method  etc.  Now  in  this  chapter,  we  arc  going  to  use  this 
that  in  di  '  therein  applications  in  Digital  Electronics.  But  before  this.  I  would  like  to  inform  you 
t  "  e  can  configure  anv  circuit  under  either  sequential  or  combinational  circuit. 


Digital  Electronics 

i 


Combinational  Circuit 


Sequential  Circuit 

i  J, 

(  )  Combinational  circuit  is  one  whose  output  at  a  (1)  Sequential  circuit  is  a  logic  circuit  whose 

specified  time  is  function  of  the  inputs  at  that  output  at  specified  time  is  a  function  ot  the 

*imC-  inputs  at  that  time  as  well  as  finite  number  of 

inputs  of  preceding  time. 

(2)  Output  of  combinational  circuit  depends  purely  (2)  Sequential  circuit  requires  Memory  element. 
upon  PRESENT  input,  therefore  it  doesn't  because  its  output  depends  upon  present  as 

require  Memory  to  store  past  inputs  (preceding  well  as  preceding  inputs, 

inputs). 

(3)  Basically  sequential  circuit  is  combination  of 
Memory  element  and  Combinational  circuit 

Presently  we  are  going  to  concentrate  upon  Combinational  logic  circuits. 

Combinational  Logic  Design  : 

In  chapter  3  i.e.  Boolean  Algebra  and  Logic  Gates,  every  time  function  was  given  to  you 
(either  specifying  maxtcmi  or  mintenn)  and  you  were  asked  to  minimise  it.  But  the  questiou^is,  from 
where  this  function  is  derived ?  Where  is  the  origin  of  the  function  ? 

The  answer  for  the  question  is,  actually  what  you  learned  last  time  was  just  base  platcfonn  for 
designing  combinational  circuits.  Let’s  see  steps  involved  in  designing. 


(1)  You  will  be  given  a  problem. 

(2)  You  analyse  the  problem  and  define  some  \  ariables. 

(3)  After  defining  variables,  you  prepare  truth  table. 

(4)  From  the  truth  table  you  get  function  interms  of  maxtcmi  or  mintenn. 

5  Now  appiy  K-map  or  any,  minimisation  technique  and  derive  boolean  expression,  providing 
_ minimum  hardware. - - - - - - — 

Now  in  this  chapter  you  have  to  perfonn  step  1  to  5,  very  correctly.  For  understanding  let's  solve  one 
example.  _ _ _  ...  - 


Ex.  1  :  As 


shown  in  Fig  5.1,  a  combinational  logic  circuit  is  required  for  following  specifications : 


(Dee.  96, 10  Marks) 
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Inputs  are  four  lines  A3,  A2,  Av  A0 
(A3  =  MSB),  carry  binary  equivalent 
of  decimal  digit  0-9. 

Output  Y  is  '1'  when  input 
contains  two  or  more  bitsJ1', 
otherwise  output  Y  =  0 
Implement  necessary  logic  using  Nor  gate. 


A30- 

A2o- 

A-|o 

Aqo- 


Fig.  5.1 


Soln. :  (1) 


Read  statement  carefully  and’conclude  some  points  : 

(a)  No.  of  inputs  lines  are  A3,  A2,  A1?  Aq  i.e.  4. 

(b)  Number  of  input  combinations  for  4  bits  will  be  2n  =  24  =  16  (n  -  no.  of  bits) 

(c)  But  in  the" problem  it  is  mentioned  that  it  carries  binary  equivalent  of  decimal  digit 
Therefore,  remaining  states  i.e.  10  to  15  will  be  treated  as  Don  t  Care  Condition  _ 

(d)  Output  Y  depends  upon  number  of  l's  in  nibble  A3  -  A0.  i.e.  Say.  if  3  ;  1  0 

(000 1)2.  Number  of  l'S  are  only  one,  therefore  less  than  2.  therefore  Output  Y  for  (000  2  is 
equal  to  'O'.  But  if  A3  A2  A3  A0  =  (0111)2,  then  number  of  l'S  are  3  i.e.  greater  than  , 


(3)  Now  draw  K  niap,  encircle  'l's,  therefore  answer  will  be  in  SOP  form. 
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Ai  +  A2  +  A3 


g-  5.2 

+  A2  A0 


A0  (Aj  +  A2  +  A3)  +  A2  Aj 


A0  (Aj  +  A2  +  A3)  +  A2  Aj  -  A0 .  (A,  +  A2  +  A3) 
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A  stairca  r  ~~ - - — _ - _ Combinational  Logic  Circuits 

staircase  a!  T*  ^  C°ntr°"ed  by  Kvo  switches.  one  at  the  top  and  another  at  bottom  of 
"case  as  shown  in  Fig.  5.3. 

(')  Make  a  truth  table 

(  )  Write  the  logic  equation  in  NAND  NAND  form 
"0  Realize  the  circuit  using  AND-OR  gates. 


o  i  1 
V  s2 


i 

Supply  Lamp 

00 


Soln.  :  Truth  table  is. 


s\2  s,  s. 


Fig.  5.3 


Inputs 

Outputs 

S,  o— 

s, 

S2 

Y 

S2o- 

0 

0 

0 

S,  o- 

0 

1 

1 

S2o- 

I 

0 

0 

1 

I 

0 

Table  2 

To  find  NAND-NAND  form,  put  double  inversion. 


0 

u- 

0 

0 

Y  -  S,S2  +  S,  S2  SjS2  S,  S2 

Implement  using  AND-OR  gate  is  shown  in  Fig.  5.3  (c). 


(b) 


->¥  =  3,32 


S^Y 


Y  - 


Fig.  5.3(c) 


TV 


743 


EX.  3  :  A  4  bit  binary  number  is  represented  as  A3  A2  A1  \  where  A3  .  Aj,  A,  and  Aq  represent  the 
individual  bits  with  A0  equals  to  the  LSB  Design  a  logic  circuit  that  will  produce  a  HIGH 
output  whenever  binary  number  is  greater  than  (001 0)2  and  less  than  (1000)2. 

(June  99, 2  Marks) 
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Decimal 

UIUIC  IS. 

- -  Inputs 

Output 

- _ 

_ C _ 

A, 

A, 

A0 

Y 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

0 

3 

0 

0 

1 

1 

1 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

1 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

10 

1 

0 

1 

0 

0 

11 

1 

0 

1 

1 

0 

12 

1 

1 

0 

0 

0 

13 

1 

1 

0 

1 

0 

14 

1 

1 

1 

0 

0 

15 

1 

1 

1 

1 

0 

Table  3 


combinational  Logic  Circuits 


Number  within  (0010), 
and  (1000)2 


Output  is  logic  high  when  binary  number  is  greater  than  (not  equal  to)  (0010),  and  less  than 
(not  equal  to)  (1000),. 


A3A2 


AlA°  A,Ao  A,A0  A-,A0  A.Ao 

01  11  10 


A3A2  00 
A3A2  0 1 
a3a2  1 1 

A3A2 1 1 


00 


0 

0 

0 

1 

3 

0 

2 

C 

1 

1 . 

L 

1) 

4 

5 

7 

6 

0 

12 

0 

13 

0 

15 

0 

14 

0 

6 

0 

9 

0 

11 

0 

10 

o/p  Y  =  A3A2+  A3A,A0 
=A3  (A2  +  AjAq) 


A1 

Ao 

a2 

A3 


aiao) 


(a) 


Fig.  5.4 


(b) 


Ex.  4  :  Design  a  logic  circuit  whose  output  is  HIGH  only  when  a  majority  of  inputs  A.  B,  C 
are  LOW. 

Soln. :  (1)  There  arc  tlirec  variables  A,  B  and  C. 

(2)  Number  of  states  will  be  2n  =  2J  =  8. 
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A  1 


(3)  Wc  have  to  check  for  more  number  of  logic  'O'  then  logic  1 . 

(4)  Truth  table  is. 


Inputs 

Outputs 

A 

B 

c 

Y 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

1 

0 

I 

1 

0 

0 

1 

1 

1 

0 

— ) 


-> 


More  '0"s  arc  present 
(Majority) 


Table  4 


(5)  K-map  : 


B 


BC -  - 

BC  BC  BC  BC 


00  01  11  10 


— fe. 

0 

fn 

0- 

0 

m 

-4 — 

j 

3 

■i 

i 

1  J 

0 

0 

0 

4  4 

5 

7 

6 

<D 


© 


O/P  Y  =  AC  +  BC  +  AB 
©  ©  ® 


7 

7 

1 

-D 

uD 

=D 

(a) 


(b) 


Fig.  5.5 


Ex.  5  :  Design  a  logic  circuit  whose  output  is  HIGH  when  input  is  >  9.  Assume  that  input  to 
the  circuit  is  4  bit  binary  A3  A2  A,  Aq. 

Soln.  :  (1)  Variables  are  four  A3,  A^,  A,, 

(2)  Therefore  number  of  states  =  2"  =  24  =  16. 

(3)  We  have  to  check  for  condition  that  input  is  greater  than  9.  At  that  time  output  will  be 
HIGH-  Here  equal  to  condition  is  not  mentioned,  therefore  Output  Y  will  not  be  HIGH  when 
input  is  equal  to  9. 
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addition,  for  checking,  if  the  final  answer  is  crossing  boundary 

Table 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 


0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


Table  5 


(6)  K-map  : 


vAiAn  ~T~  ~T  — 


A3A2  00 
A3A2  0 1 
A3A2II 
A3A2  1 0 


0 

0 

0 

1 

0 

3 

0 

2 

0 

4 

0 

5 

0 

7 

0 

6 

■  ’S 

(l 

BP 

) 

12 

'k  13 

15 

14 

O 

oa 

0 

9 

0  11 

y 

10 

®  & 

O/P  Y  =  A3A2  +  A3At 

(a) 


Fig.  5.6 


Y_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 


A3  A2  a1 


Number  >  9 


o 


A3A2 


o 


— ■* 


Y  = 

-o 


^3^1  +  ^3^2 


4 


A3A1 


(b) 


Ex.  6  .  The  input  to  a  combinational  logic  circuit  is  a  valiH  einnu  a-  •*  . 

circuit  using  minimum  hardware  ,o  d  eot  whence  $  tT  '  ^ 

input.  1  whenever  a  number  greater  than  5  appears  at  the 
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AB  01 
AB  n 

AB  10 


CD  CD  CD  CD 

\  00  01  11  10 

o 

O 

0 

1 

0 

3 

0 

2 

0 

4 

0 

-  5 

7 

6 

14 

r. 

x 

13 

k* 

L, 

1 

X 

x; 

5 

n 

10 

Y  =  A  +  BC 
(a) 


(b) 


Fig.  5.7 


y  Ex.  7  :  Fig.  5.3  shows  diagram  for  an  automobile  alarm  circuit  used  to  detect  certain  undesirable 
conditions.  The  three  switches  are  used  to  indicate  the  status  of  the  door  by  the  driver's 
seat,  the  ignition  and  the  headlights  respectively  Design  the  logic  circuit  with  these  switches 
as  inputs  so  that  the  alarm  will  be  activated  whenever  either  of  the  following  conditions 
exists: 
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he  headlights  are  ON  while  ignition  OFF 

The  door  is  open  while  ignition  is  ON 


P.nmtainational  Logic  Circurts 


+  5V 


Soln.  :  (1)  Conclusion  after  reading  problem  carefully.  There  arc  nuinly  three  variables 

t  (a)  Door,  (b)  Ignition,  (c)  Head  light. 

Let's  say  Door  — >  Variable  A 
Ignition  -»  Variable  B 
Head  light  — >  Variable  C 
(2)  Switch  ON  =>  Logic  T 
Switch  OFF  =>  Logic  XV 


(l)  Door  open  =>  Logic  T 
Door  closed  =*  Logic  ‘O'. 

(4)  Basically  user  is  interested  in  only  mentioned  two  conditions  in  the  problem.  But  if  we  write 
truth  table.  Wc  arc  going  to  get  total  2"  =  2 '  =  8.  So  just  go  on  checking  for. 

(a)  Head  light  -*  ON  ->  logic  T.  while 
Ignition  — >  OFF  — » logic  *0 

(Here  you  need  not  chock  Door  open/closcd) 

(b)  Door  open  -*  logic  T  while 
Ignition  ON  — *  logic  '1*. 

(Here  you  need  not  check  head  lights) 
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*  table  is 


Door 


0 

0 

0 

0 

I 


Inputs 


B 


0 

0 

1 

1 

0 

0 

1 

1 


0 

1 

0 

1 

0 

1 

0 


Table  7 


K— Map  : 


5-11 


Output 


jgnition  Headlight  ,  Alarm 


Y 


n 

l 

o 

o 

0 

1 

1 

1 


Combinational  Logic  Circuits 


— » 


Ignition  OFF,  headlight  ON 


Ignition  OFF.  headlight  ON 
Door  open 
Ignition  ON 


Ex.  8  :  The  input  to  a  combinational  logic  circuit  is  a  valid  single  digit  7421  BCD  data  Design  the 
logic  circuit  using  minimum  hardware  to  detect  when  an  even  number  appears  on  input 

8ofn. :  Truth  tabic  is. 


Decimal 

Input 

Output 

Y 

BZ 

5i_ 

Bo 

7 

4 

2 

1 

BCD 

0 

0 

0 

0 

0 

I 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

4 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

1 

7 

1 

0 

0 

0 

l) 

8 

1 

0 

0 

I 

I 

9 

1 

0 

1 

0 

— 

0 

Table  H 
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Since  a  valid  BCD  is  only  up  «o  9,  the 
conditions. 

The  K  map  is  shown  in  l  ig  5.10 


.  12  _  Cjocitmtit***  Lo<»cC»cwi». 

01  her  remaining  «!»—  «"  * 


B3  o- 


B0  o- 


S> 


Fig.  5.10(A) 


-  jt  js  tQ  be  desjgned  that  has  one  control  line  and  three  data  lines.  \Mien 
control  line  is  low,  the  circuit  should  detect  whether  at  least  two  of  the  data  lutes  are 
simultaneously  high.  When  control  line  is  high,  output  lines  should  be  low. 


•  Table  9  shows  the  truth  table.  _ _ _ _ _ 1 

Innut 

Output 

C 

I>2 

Dl 

DO 

Y 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

1 

1 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

C  =  Control  line  1 

0 

1 

1 

0 

1 

D  =  Data  lines  1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

i  | 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

r 

1 

1 

0  J 

Table  9 


The  K  map  is  illustrated  in  Fig.  5.1 1  (a) .  The  circuit  diagram  is  illustrated  in  Fig.  5.11(b) 
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CD,  CO 
CD,  01 


CD,  11 


CD,  10 


0 

c 

0 

1 

r? 

3 

0 

2 

0 

6 

d 

) 

4 

— v  7 

6 

0 

0 

0 

0 

12 

13 

15 

14 

0 

0 

0 

0 

s 

9 

11 

10 

O P  Y  =  CD,  (Do  +  D^  +  C^Dq 

r 


Fig.  5.11(a) 


Fig.  5.11(b) 


Ex.  10:  i  r,e  conditions  under  which  an  insurance  company  will  issue  a  policy  are  : 

(i)  A  married  female  25  years  old  or  older,  or  ^ 

(ri)  A  female  under  25  years  or 

(iii)  A  married  male  under  25  years  with  no  accident  record,  or 

(iv)  A  married  male  with  no  accident  record,  or 

(v)  A  married  male  under  25  years  with  accident  record. 

Obtain  a  simplified  logic  expression  stating  to  whom  a  policy  can  be  issued. 
Soln. :  The  input  variables  include  : 

(i)  Male  /  female,  (ii)  Married  /  unmarried  _  — 

(iii)  Age  >  25  years,  (iv)  Accident  record. 

We  assume  the  following  conditions  : 

(a)  A  =  0  Male 

=  I  female  -  •  - 

(b)  B  =  0  -  Unmarried 

1  Married 


(c)  C  =  0 

=  I 

(d)  D  =  0 

=  J 

The  truth  table  is 


age  <  25  years 
age>  25  years 
No  accident 
Accident 

illustrated  in  Table  10  and  1 L 


Input 

Output 

A 

B 

c 

D 

Y 

(0 

1 

1 

1 

X 

1 

(ii) 

1 

X 

0 

X 

1 

(iii) 

0 

1 

0 

0 

1 

(iv) 

0. 

1 

X 

0 

1 

(v) 

0 

1 

1 

1 

1 

Table  10 
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Y  =  AC  +  BC  +  BD 


Fig.  5.12 


Output  Y  =  AC  +  B  (C  +  D) 


Ex.  11 


Fig.  5.13  shows  four  switches  that  are  part  of  the  control  rirn.itm  •,«  I - - - : - 

switches  are  at  various  points  along  the  path  of  the  copy  paper  as^th  °°Py  maCh,ne'  The 
the  machine.  Each  switch  is  normally  open  and  as  the^aper  0!^^  ******  *M0Uflh 

srr  sss  sr d  s<  to  — vses 

Use  K-™P  and  advantage  of  don’t  M/Hon'diMoa  m°re  SWteheS  "*  Cl°Sed  ®* 8 
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'cc 


Soln.  :  (1)  As  shown  in  Fig.  5.13. 

Switch  open  — »  Input  to  logic  circuit  is  logic  *1' 

Switch  closed  — >  Input  to  logic  circuit  is  logic  'O' 

Switch  open  ->  logic  T 

Switch  closed  ->  logic  'O' 

There  are  four  switches  S„  S2,  S3,  S4  :  four  variables. 
Number  of  states  will  be  16  =  24. 


(2) 

(3) 

(4) 


(5) 

(6) 


First  chec£  for  S,  and  S4  closed  (i.e.  logic  '0')  and  put  don't  care  at  the  output  column, 
because  as  mentioned  in  problem,  S,  and  S4  closed  is  impossible. 

Now  check  for  two  or  more  keys  pressed,  or  in  short  check  for  two  or  more  *0’s  in  a  row 
Truth  Table.  ’ 


1 
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(7)  K-Mnp  :  Refer  Fig.  5.14. 


Ex.  1 2  :  Design  a  combinational  circuit  such  that  ithas  four  inputs  WXYZ  and  one  output  F.,D1  and  D2 

represent  two  binary  numbers  each  consisting  of  two  bits  W X  and  YZ  respectively  The 
output  F  is  to  be  HIGH  only  if  |Dj  -  D2|  <  2.  Write  the  truth  table 

Using  k  map  reduction  technique,  find  a  minimum  sum  of  product  form  and  implement  using 
ALL  NAND  logic. 

Soln.  :  The  truth  table  is  illustrated  in  Table  13. 


1  1 

Input 

Output 

Decimal  W 

X 

Y 

z 

F 

0  |  0 

0 

0 

0 

1 

1  0 

0 

0 

1 

1 

:  1  o 

0 

1 

•0 

0 

5  1  0 

0 

1 

1 

0 

4  i  0  j  1  I  0  I  0  i  \ 


>  To 

*  r 

1 

0 

1  i  1 

o  |  0 

1 

1 

0  1 

1  '  ■'  0 

l 

1 

*  . £J 

S  1  1 

o 

0 

0  0 

4  !  1 

0 

0 

111 

io  i  i 

0 

1 

oil! 

ii  Lu 

0 

1 

k  ]  «  i 

i  i  i 

12  ili  1  I  0  i  0  \  0 


I  1  (i  I  1  I  0 

1  j  1  j  o  j I 

'li'lil  l  L 

Tibk  U 


1  i 


14 


15 


n 
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Hie  K  map  is  illustrated  in  Fig.  5.15. 


Cornbinnilonnl  I  o;jk  Olrojit 


B-1/ 


O/P  Y  =  WY  +  WY  +  WXZ  +  XYZ 
=  [W  ©  Y]  +  WXZ  +  XYZ 


Fig.  5.15 

To  implement  using  only  NAND,  Output  Y  can  be  written  as, 
Output  Y  =  W  Y  +  WY  +  WXZ  +  XYZ 


=  WY  .  WY  .  WXZ  XYZ 
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Soln. : 

(i) 

00 


An  aeroplane  is  to  be  equipped  with  a  warning  system  that  alerts  the  pilot  under  certain 
conditions  of  danger.  The  warning  system  monitors  three  instruments  These  instruments 
indicate  altitude,  air  speed  and  state  of  landing  wheels,  a  landing  warning  lamp  should  glow  if 
e  air  speed  is  less  than  the  cruising  speed  and  landing  wheels  are  not  down.  If  wheels  are 
own  and  the  pilot  is  at  proper  landing  altitude,  but  not  at  the  proper  landing  speed.  Assume 
at  only  the  logic  level  voltages  are  to  be  produced  by  the  warning  system 
elationships  between  logic  levels  and  different  states  are  as  below  : 


Altitude. 
Wheels, 
Air  speed 


A 
W  = 
Si  S0  = 


Warning  lamp, 

Warning  conditions 
Air  speed  <  Cruising  speed. 
Wheels  up. 

Landing  altitude  proper 
Landing  speed  not  proper 
Wheels  down. 


0  Landing  altitude,  =  1  Cruising  altitude 
0  Wheels  up,  =  1  Wheels  down 
0  0  for  slow 

0  1  Landing  speed 
1  0  Cruising  speed 
1  1  Too  fast 
L  =  0  Lamp  off,  =  1  Lamp  on. 


In  both  these  cases,  warning  lamp  must  glow  i.e.,  A,W,  SjSq  are  input  variables  and  L  is  output 
variable.  The  truth  table  is  shown  in  Table  14. 


1 - T~ 

_  _ Inj 

nut 

|| 

Si 

So 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

Table  14 


The  output  for  the  remaining  conditions  will  be  logic  0.  The  K  map  is  drawn  in  Fig  16. 


Fig.  5.16  (a) 


Fig.  5.16  (b) 
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A  majority  function  is  a  digital  circuit  whose  output  is  logic  1  if  and  only  if  the  majority 
0  inputs  is  1,  the  output  is  logic  0  otherwise. 

(0  Write  the  truth  table  of  a  five  input  majority  function. 
s  .  ^  Minimize  the  above  function  using  K  map. 

°  n.  :  Given  a  give  variable  input. 

put  Y  l  if  only  if  three  or  more  bits  are  at  logic  1  (majority). 

Tnn  1-1.1  •  ... 


1 - - "‘uaudieu  in  lamp.  i*i 

- - - -  Tnrmte 

Dutmit 

Decimal 

A 

B 

c 

D 

E 

Y 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

o 

1 

o 

2 

0 

0 

0 

1 

o 

o 

3 

0 

0 

0 

1 

1 

o 

4 

0 

0 

1 

0 

0 

o 

5 

0 

0 

1 

0 

1 

0 

6 

0 

0 

1 

1 

0 

0 

7 

0 

0 

1 

1 

1 

1 

8 

0 

1 

0 

0 

0 

0 

9 

0 

1 

0 

0 

1 

0 

10 

0 

1 

0 

1 

0 

0 

11 

0 

1 

0 

1 

1 

1 

12 

0 

1 

1 

0 

0 

0 

13 

0 

1 

1 

x  0 

1 

1 

14 

0 

1 

1 

1 

0 

1 

15 

0 

1 

1 

1 

1 

1 

16 

1 

0 

0 

0 

0 

0 

17 

1 

0 

0 

0 

1 

0 

18 

1 

0 

0 

1 

0 

0 

19 

1 

0 

0 

1 

1 

1 

20 

1 

0 

1 

0 

0 

0 

21 

1 

0 

1 

0 

1 

1 

22 

1 

0 

1 

1 

0 

1 

23 

1 

0 

1 

1 

1 

1 

24 

1 

1 

0 

0 

0 

0 

25 

1 

1 

0 

0 

1 

l 

26 

I 

1 

0 

1 

0 

1 

27 

1 

1 

0 

1 

1 

1 

28 

1 

1 

1 

0 

0 

l 

29 

1 

1 

1 

0 

1 

1 

30 

1 

1 

1 

1 

0 

1 

31 

1 

1 

1 

1 

1 

1 

Table  15 


The  K  map  is  illustrated  in  Fig.  5.17  (a). 
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Fig.  5.17  (b) 
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Multi-input  Multi-output  Combinational  Circuit : 


.  UpM  now  wc  have  solved  some  examples.  The  common  feature  of  all  problems  was,  multi  input  and 
single  output.  The  circuit  was  accepting  more  than  one  inputs  but  providing  single  outputs. 

It  is  also  possible  to  design  combinational  logic  circuit  which  accepts  multiple  input  and  provides 
niultiplc  output.  The  generalised  block  schematic  is  should  in  Fig.  5.18. 


Outputs 


Fig.  5.18 

As  shown  in  Fig.  5.18,  inputs  to  logic  circuit  are  I0  to  IN.  Outputs  are  O0  to  0M.  It  is  not  at  all 
essential  that  N  =  M.  It  can  be  N  >  M,  N  =  M  or  in  some  cases  N  <  M. 

The  procedure  of  designing  the  combinational  circuit  is  going  to  remain  same  Le.  you  have  to 
write  truth  table  (now  truth  table  will  contain  more  outputs),  draw  K-map  and  draw  circuit  K-map 
for  each  output  variable  will  be  different.  Circuits  you  can  combine. 

Let's  solve  some  example. 


< 


Ex.  15  :  (a)  The  input  to  a  combinational  logic  circuit  is  a  4-bit  binary  number. 

Design  the  logic  circuit  with  minimum  hardware  for  the  following: 

(j)  Output  Y1  =  1  if  the  input  binary  number  is  5  or  less  than  5. 

(ii)  Output  Y2  =  0  if  the  input  binary  number  is  9  or  more  than  9. 


Ans. :  Truth  table  for  combinational  logic  circuit  is, 


Decimal 

INPUTS 

OUTPUTS 

x3 

X2 

Xx 

Xo 

Yi 

_ 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

2 

0 

o  : 

1 

0 

.1  _ 

0 

3 

0 

0" 

1 

1 

1 

0 

4 

0 

1 

0 

0 

1 

0 

5 

0 

1 

0 

1 

1 

0 

6 

0 

1 

1 

0 

0 

0 

7 

0 

1 

1 

1 

0 

0 

8 

1 

0 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

1 

10 

1 

0 

1 

0 

0 

■  1  . 

11 

1 

0 

1 

1 

•  0 

1 

12 

1 

1 

0 

0 

0 

1 

13 

1 

1 

0 

1 

0 

1 

,  14 

1 

1 

1 

0 

0 

1 

15 

1 

1 

1 

1 

0  -V  . 

1 

Table  16 
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*1  *1*1 
*3*2^* 

3  X  X 
A1A0 

00 

r - 1 

*1*0 

01 

1 — - 1 

*1*0 

11 

*1*0 

10 

*3*2  00 

^=3 

1 

,) 

0 

7 

3 

2 

*3*2  01 

V 

0 

0 

4 

5 

7 

6 

*3*2  1  1 

0 

0 

0 

0 

% 

12 

L _ 13 

15 

14 

*3*2  10 

0 

0 

0 

0 

8 

9 

11 

10 

Yi  -  X3X2  +  X3  X, 


=  X3(X2+X1) 
=  X3.(X^X1) 


+  x2x, 


y2  *>x°  x,x0  x,x0  x,x0  x,x0 

y  A  00  01  11  10 

a3a2 
X3X2  00 

X3X2  01 

^3^2  1 1 
*3*2  10 


0 

0 

0 

1 

0 

3 

0 

2 

0 

4 

0 

5 

0 

7 

0 

6 

C  i 

✓n — 

12 

13 

15 

14 

o 

00 

VA, 

Uu 

1  J 

_ y  io 

Y2  =  *3  *2  +  *3  *0  +  *3*1 
=  X3  •  (X0+X1+X2) 


Fig.  5.19  (a) 


Fig.  5.19  (b) 


Ex.  16  :  Design  a  combinational  logic  circuit  for  the  following  description  The  circuit  has  four  inputs 
and  two  outputs.  One  of  the  outputs  is  to  be  true  when  the  majority  of  inputs  is  true  The 
other  output  is  to  be  true  only  when  there  is  a  tie  between  the  inputs  Implement  the  above 
logic  using  NAND  gates  only.  (June  ,0  Mlirka) 

Soln. :  The  truth  table  is  shown  in  Table  17. 
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The  K  maps  are  as  shown  in  Fig.  5.20  (a). 


Fig.  5.10(1) 

In  NAND  form  applying  DeMoigans  Law.  the  circuit  diagram  is  illustrated  in  Fig.  5.20  (by 
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Fig.  5.20(b) 


Ex.  17  :  A  chemical  reactor  has  three  sensors  indicating  the  following  conditions  : 

(D  Pressure  'P'  is  low  or  high 
(ii)  Temperature  T  is  low  or  high 
(iiD  Liquid  level  'L'  is  low  or  high 

H  has  two  controls  :  Heater  (H)  which  is  either  ON  or  OFF  and  an  inlet  valve  (V) 
which  is  either  OPEN  or  CLOSED.  The  controls  are  operated  as  shown  in  Table  18. 
(a)  Using  the  convention  HIGH  =  1,  LOW  =  0,  ON  =  1,  OFF  =  0,  OPEN  =  1  and 
CLOSED  =  0,  draw  the  Karnaugh  maps  for  H  and  V.  * 


(b)  Obtain  the  minimal  SOP  and  POS  expressions  for  H  and  V. 

(c)  Replace  the  logic  H  and  V  by  using  logic  gates. 


LOW 
LOW 
LOW 
LOW 
HIGH 
HIGH 
HIGH 
HIGH 
x  -  system 


LOW 
LOW 
HIGH 
HIGH 
LOW 
LOW 
HIGH 
HIGH 
shut  down 


LOW 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 

HIGH 


OUTPUTS 


H 


OFF 

ON 

OFF 

OFF 

ON 

ON 

OFF 


OPEN 

CLOSED 

OPEN 

CLOSED 

OPEN 

CLOSED 

CLOSED 


Table  18 
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SOP 


=  T  (P+L)  POS 
POS  (torn 


\TL  T+L  T+L  T+L  T+L 
p\  0+0  0+1  1+1  1+0 


p  <5 

◄- 

° ) 

- '0 

1 

1 

fo 

3 

(6) 

2 

p  i 

1 

4 

1 

5 

i| 

6 

Y  =T  •  (P+L) 


SOP 


Map  for  V 

Y  =  PL  +  TL  SOP 

=  L  (P+T)  POS 

POS (for  V) 

\TL  T+L  T+L  T+L  T+L 
p\  0+0  0+1  1+1  1+0 


' 1 

0 

fo 

1 

0^ 

3 

1 

2 

1 

4 

IP 

CoJ 

°) 

_ 5. 

7 

0 

Y  =  L  •  (P+T) 


Fig.  5.21  (a) 


Circuit :  Refer  Fig.  5.21  (b) 


Fig.  5.21  (b) 


L  =  (P+T) 
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Ex.  18  :  A3  A2  A1  Aq  and  B3  B2  B1  B0  represent  two,  four  bit  words.  Design  a  circuit  with  control  line 
M,  such  that  when  M  =  1,  the  word  given  by  A3  A2  A^Ag  is  output  and  when  M  =  0,  output 
gives  word  B3  B2B1  B0  use  gates. 

Soln.  :  This  problem  involves  cither  passing  A3  A2  Aj  A0  or  B3  B2  B|  Bq.  This  can  be  implemented 
using- AND  gates.  We  lave  already  discussed  its  use  as  a  control  gate. 

Since  output  is  cither  A3A2  Aj  Ag  or  B3  B2  B|Bq  we  logically  OR  the  corresponding  A  and  B  bits 
as  shown  in  Fig.  5.22. 


Ex.  19  :  A  step  in  space  vehicle  checkout  depends  on  FOUR  sensors  Sv  S2 ,  S3  and  S4.  Every 
circuit  is  working  properly  if  sensor  S1  and  atleast  two  of  the  other  three  sensors  are  at  logic 
1.  (Assuming  a  sensor  produces  logic  1  when  the  circuit  is  functioning  properly).  Implement 
the  system  using  NAND  gates  only,  after  finding  the  minimal  SOP  expression  for  output  if  the 
circuit  works  properly. 

Find  the  minimal  SOP  expression  for  output  if  the  circuit  is  not  working  properly.  The  output  is 
connected  to  a  red  LED  which  must  glow  if  the  circuit  is  not  working  properly 
Soln  :  Given  four  sensors  i.e.,  we  have  four  variables.  The  truth  table  is  illustrated  in  Table  10. 
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Decimal 


r 

2 


(Woriting 

Properly) 


Table  20 


(Not  working 
Properly) 


The  K-maps  are  shown  in  Fig.  5.23  (a) 


SoSi - — 

V  t  I  O  o  C 


s2s !  S2S,  S2S ,  S2S1 


00  01 


11  10 


s4s3oo  0  0  1  0  3  o  2 


S4So  01  o 


S.Soll  0 


Js  °* 


s„s3  10  0  g  0  9 


Y1  =  S2St  (S4  ♦  S3)  +  S4S3St 
=  S|  (S2S4  ♦  s2s3  ♦  S3S4) 


Y2  =  Sj  +  S4S3  ♦  S4S2  ♦  SjS 


Fig.  5.23  (a) 
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Fig.  5.23  (b) 

Y2  could  also  have  been  obtained  by  connecting  an  inverter  between  Y  j  and  Y2 
L.  E.  D.  design 

Red  LED  :  VD  =  1.2  V;  ID  =  20  mA 

Applying  KVt  at  input  and  output, 

5-20  mA  Rj  -  1.2 -0.2  =  0 


.-.  Rj  =  180  o 

20mA  R  _  0,7  =  0 
*  100  2 


(Assuming  p  =  100  for  switching  transistor) 


.*.  R2  =  8  5  kn 


Ex.  20  :  The  input  to  a  combinational  logic  circuit  is  a  4  bit  binary  number.  Design  the  circuit 
with  minimum  hard  ware  for  the  following  : 

(i)  Output  01  =  1  if  the  number  is  prime. 

(ii)  Output  02  s  1  if  the  number  is  divisible  by  3. 

Soln. :  Table  21  gives  the  truth  table 
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The  K  maps  are  as  shown  in  Fig.  5.24  (a). 
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B1B0 
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B1B0 
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BiB0 

10 

B3B2  00 

0 

0 

0 

1 

03 

CVJ 

O 

B3B2  01 

0 

4 

0 

5 

0 

7 

CD 

©I 

_ 

B3B2  1 1 

©„ 

0 

13 

©. 

0 

14 

B3B2  10 
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©9 

0 
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O 

O 

Fig.  5.24  (a) 


0)  =  b3b0+b2b,  b0+b2b,b0 

+  B3  B2  Bj 

=  B3  (B0 +  B2  B,) +  B0  (B,B2 +  B,  B2) 
=  B3(B0  +  B2B,)  +  B0(B1®B2) 


02  =  B3B2Bj  Bq  +  B3B2Bj  Bq 

+  B,B0  (B3B2  +  B3  B2)  +  B3  B,  B,  B 
=  B3Bj  (B2B0  +  B2B0)  +  B,B0 
(B}B2  +  B3  +  B2)  +  B3  b2b,b0 
=  BjB,  (B2  ®  B0)  +  B,B0  (B3  0  B2) 

+  BjB2  BjB0 
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0,<D  B, 
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H, 


CV- 


’n  °- 


I 


o! 


B0  |B,<&  Hy 


l_j - \  B,B? 

tx>I — >1  ^ 


CH 


£> 


o  O, 


Fx.  21  •  Fig.  5.25  shows  the  intersection  of  main  highway  with  a  second  acess  road  Vehicle  detection 
sensors  are  placed  along  lane  C  and  D  (Main  Road)  and  lanes  A  and  B  (access  road)  These 
sensor  outputs  are  LOW  when  no  hehicle  is  present  and  HIGH  when  vehicle  is  present.  The 
taffic  lights  should  be  controlled  according  to  the  following  logic  : 

(i)  The  EW  traffic  light  will  be  green  whenever  both  C 
and  D  lanes  are  occupied. 

(ii)  The  EW  light  will  be  green  whenever  C  or  D  is 
occupied  but  lanes  A  and  B  are  not  both  occupied. 

(iii)  The  NS  light  will  be  green  whenever  both  lanes  A 

and  B  are  occupied  but  C  and  D  are  not  occupied  _ 

(iv)  The  NS  light  will  also  be  green  when  either  A  or  B 

is  occupied  while  C  and  D  are  both  vacant.  6  - 

(v)  The  EW  light  will  be  green  when  no  vehicle  is 
present 

Using  A,  B.  C  and  D  sensor  outputs  as  inputs,  design 
a  logic  circuit  to  control  traffic  lights.  There  are  two 
outputs,  N-S  and  E-W  which  goes  high  when 
corresponding  light  is  green. 

Solfl. :  (1)  First  read  all  statements  carefully,  i.e.  (i),  (ii),  (iii). 


N 

1  • 

i 

k 

ii 

W« — 

- E 

a; 

wk 

c 

% 

% 

> 

Fig.  5.25 


(iv)  and  (v). 
(2) 

(3) 

(4) 


Remember  one  thing  when  four  roads  are  meeting  at  a  junction,  E-W  lighting  will  be 
complement  of  N-S  light  or  V.  V.  This  is  normal  trend 

As  we  know,  variables  arc  4  i.e.  A,  B,  C,  D.  Therefore  there  will  be  total  16  states. 

We  will  decide  that  there  will  be  two  outputs  namely  E-W  and  N-S. 
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(5)  First  write  down  truth  tabic  for  the  same. 
Remember, 

LOW  -+  Logic  'O'  ->  No  vehicle 
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Outnuts 
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c 
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E-W 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 
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1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 

Table  22 

] 


-+  condition 


->  condition 
->  condition 
->  condition 
->  condition 


->  condition 
->  condition 
->  condition 


-*  condition 


->  condition 


->  condition 


(v) 

(ii) 

(i) 

(iv) 

(ii) 

(i) 

(iv) 

(ii) 

(i) 

(ii) ,  (iii) 
(i) 


K-Map  : 


\  CD 
ABN, 

CD 
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CD 
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CD 
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AB  00 
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(Minterm  Encircling) 

N-S  =  AB  (C+D)  +  CD  (A+B) 
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0  ) 
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- 13 
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'  14 

AB  10 
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1 

8 

9 

11 

10 

(Maxterm  Encircling) 

E-W  =  (A+B+C)  (A+B+O)  (C+D+A)  (C+D+B) 


=  (A+B+C)  (A+B+D)  (C+D+A)  (C+D+B) 
=  A+B+C  +  A+B+D  +C+D+A  +  C+D+B 
=  ABC  +  ABD  +  CDA  +  c6B 
=  AB  (C+D)  +  CD  (A+B) 

=  n!s 


Fig.  5.26  (a) 
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Circuit : 


ABC  D 


Ex.  22  :  Design  a  combinational  logic  circuit  that  will  accomplish  multiplication  of  a  two  bit  number 

X,X0  by  a  two  bit  binary  number  Y^g.  The  circuit  will  have  four  outputs  representing  the  v 
product  p3p2plPo. 


Soln.  :  Truth  table  is  illustrated  in  Table  23.  K  maps  are  drawn  in  Fig.  5,27. 
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Table  23 
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K-Map  : 


=  X,Y0Y,X0  +  X„Y,X,Y0  =  X,Y0  $  X0Y, 

Fig.  5.27  (a) 
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Fig.  5.27  (b) 

5.3  Code  Conversion  : _ 

Under  this  section  we  will  convert  one  type  of  code  to  another;  for  example  binary  to  gray,  gray  to 
binary.  BCD  to  XS-3.  XS-3  to  BCD,  5421  code  to  5421  gray  code  and  vice  versa  etc.  To  convert  from 
one  code  to  other  we  are  going  to  use  K-map  only.  Now  in  this  case  Normally  we  will  deal  with  multiple 
inputs  and  multiple  outputs. 

We  are  using  4  bit  input  and  answer  is  normally  4  bit.  So  you  have  to  draw  K-map  for  number  of 
output  lines  (bits).  Let's  solve  some  examples. 


Ex.  23  :  Convert  4  bit  binary  number  to  4  bit  gray. 

Soln.  :  (1)  Firstly  we  have  to  prepare  a  table  where  we  have  binary  (4  bits,  B3  B,  B,  B0)  inputs  and 
Gray  (4  bits,  G,  G2  G,  G0)  outputs  (Refer  chapter  1  for  the  table). 
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(3)  Now  the  next  step  is  very  simple.  You  draw  K-Maps  for  G3,  G2,  G]  and  G0  SEPARATELY 

(4)  K-Maps : 


BiBo 

B3B\ 

B1B0 

00 

B1B0 

01 

B1B0 

11 

B,Bc 

10 

B1B0 

B3B2\ 

B1B0 

00 

B1B0 

01 

B1B0 

11 

B1B0 

10 

B3B2  00 

0 

0 

0 

0 

b3b2  00 

0 

0 

0 

0 

0 

1 

3 

2 

0 

1 

3 

2 

B3B2  01 

0 

0 

0 

0 

B3B2  01 

Ci 

1 

1 

j)6 

4 

5 

7 

6 

4 

b 

/ 

B3B2  1 1 

(\ 

i 

1 

1> 

B3Bp  1 1 

0 

0 

0 

0 

12 

13 

15 

14 

12 

13 

15 

14 

B5B2  10 

0  „ 

1 

1 

\ 

B3B2  io 

0 

1 

1 

J10 

- *+ 

10 

6 

1  1 

G2  -  b3  b2  +  b2  b3 
=  b3©  b2 


Fig.  5.28  (a) 
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Ex.  24  :  Convert  given  4  bit  gray  codes  to  binary  (4  bit). 

Soln. :  Now  in  this  case  we  have  to  do  reverse  i.e.  convert  gray  codes  to  binary.  Procedure  is  same  as  that 
we  followed  in  Ex.  23. 

(1)  Truth  tabl^ _ 
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Table  25 
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B0=  G,  G0  (G3G2  +  G3  G2)  +  G1  G0  (6363  +  G3  G2) 
+  G,  G0  (Gg  G2  +  G3  G2)  +  Gt  Gq  (G3  G2  +  G3  Gg) 
=  Gt  G0  (GgSGgJ  +  G^  ( Gg  ©  G2) 

+  G1  Gq  (Gg  ©  G2  )  ♦  G1  Gq  (G3  ©  Q2I 
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=  A  B  +  A  B 

=  Gq  ©  G^  ©  G2  ©  Gg 


Fig.  5.29  (1) 
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Fig.  5.30  (a) 


B0  -  Bo 


Circuit : 


^^^^Ti^DCsingle  digit  -  4  bit)  to  gray.  Design  logic  circuit  for  the  same. 

Sdn  •  valid  BCD  is  from  0  to  9.  AH  to  FH  arc  invalid  codes,  therefore  Output  will  be  X’  (don’t  care). 
Table  27  shows  BCD  to  gray  truth  table. 
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0" 


Now  draw  K-maps : 
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Ex.  27  :  Convert  binary  to  BCD.  Design  circuit  which  will  accept  4  bit  binary  and  will  provide  5 
bit  BCD  code. 

Soln.  :  Table  28  shows  truth  table  for  binary  to  BCD  conversion. _ 
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Table  28 
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Fig.  5.32  (h) 


Ex.  2C  :  Design  a  combinational  circuit  whose  input  is  a  four  bit  number  a 
two’s  complement  of  the  input  number. 

Soln.  :  The  truth  table  is  illustrated  in  Table  29. 


Input 

Output 

Decimal 

-43 

A  j 

l 

A0 

B3 

B2 

B, 

o  ■ 
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0 

0 
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0 

0 
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1 
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1  1 

1 
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0 
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4 
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0 

0 

1 
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1 

0 
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1 

0 

l 

n 

1 

i 

it 

1 
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0 

1 

l 

i 

i 
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1 

! 

i 

0 

0 

0 

1 
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35 

l 

] 

l 

1 

o 

0 
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Table  29 
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A  2-bit  digital  comparator  accepts  two  words  A  =  A^A,  and  B  =  B2B,  and  gives  three  outputs 
G,  E  and  L. 

(')  The  output  G  is  HIGH  when  A  >  B 
(»)  The  output  E  is  HIGH  when  A  =  B 
(hi)  The  output  Lis  HIGH  when  A<B 

(a)  Write  the  truth  table  for  this  comparator. 

(b)  Draw  the  Karnaugh  maps  for  G,  L  and  E  outputs  and  write  the  SOP 
expressions  for  each. 


Soln.  : 


(c)  Draw  logic  diagram  of  this  comparactor. 
G  :  One  quad  two  pairs 
L  :  One  quad  two  pairs 


E  :  Four  minterms. 
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Ex.  30  :  Convert  XS- 

-3  (4  bit)  to  BCD  (4  bit). 

Soln.  :  The  table  3 1  shows  XS- 

-3  code  to  BCD. 

Inputs 

1 

Outputs 

E3 
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Table  31 
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Ex.  31  7  Design  a  BCD  to  7  segment  code  converter  circuit.  Assume  7  segment  display-* 
available  are  of  common  anode  type.  Draw  a  complete,  self  explanatory  logic 
diagram.  Consider  the  configuration  of  segments  and  display  of  digits  as  shown  in 

Fig.  5.36. 

Soln.  :  Description  of  7  segment  display  :  Before  we  start  solving  the  example.  I  would  like  to  give  * 
brief  about  7  segment  display.  At  this  stage  I  hope  you  arc  aware  with  LF.D.  (Light  emitting  diode)  In  7 
segment,  as  name  indicates,  we  have  7  LED  segment  with  one  decimal  point  LED.  The  arrangement  is 
shown  in  Fig.  5.37.  The  arrangement  is  like  English  eight  (8).  The  reason  for  this  is.  with  this 
arrangement  \ou  can  display  digits  (0  -  9)  and  some  alphanumeric  characters  like  A,  b,  C,  d.  c,  ,  G.  H 
and  so  on.  (Refer  Fig.  5.36.  It  shows  the  LED's  supposed  to  be  ON  to  display  0  to  9).  Here  total  we  have 
eight  LED  (Including  dp  ->  decimal  point).  Therefore  we  have  16  terminals  (8  anode.  8  cathode)  So  here 
to  make  circuit  simple  we  can  make  one  the  terminal  i.c.  A  or  K  common.  Presently  in  example  they  have 
asked  for  common  anode.  Fig.  5.37  (b)  will  show  you  common  anode  connection.  In  this  anodes  of  all 
LED's  arc  tied  together  and  given  to  Vcc.  Whenever  you  want  to  lit  LED  simply  ground  cathode  (k) 

through  resistance,  that  particular  LED  will  be  ON.  The  LED  segments  arc  normally  referred  as  a,  b,  c,  d, 

c.  f.  g.  dp. 


n  t  3 

U  I  L 


;i  u  C  c 

J  I  JU 


1  o  O 

I  U  3 


Fig.  5.36 


Fig.  5.37 
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(OOOo|m  1S  10  ^cs'Sn  a  circuit  which  will  convert  given  BCD  i.e. 

2  ,0  00()1)2.  to  its  equivalent  7  segment  code.  I  will  give  you 
one  example.  Find  7  segment  code  for  BCD  (2),n  i.e.  (0010),.  Refer 
Fig  5.38  (a). 

will  h S of"'1  m  F'8  5  38(a)'  "e  havc  ,0  'W  a-  b-  S-  e  and  d  LEDS.  A11  others 
FF.  ^  ou  know  that  to  lit  LED  you  have  to  force  segment  to  logic  'O'. 

Code  of  7  segment  for  BCD  2  is 


Combinational  Logic  Circuits 


dp 


Fig.  5.38  (a) 
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LED  ON  . 

.  display  2 

Therefore,  now  we  have  to  prepare  truth  table  where  BCD  inputs  are  B3  B,  B,  B0  and  outputs  are  a.  b. 


c,  d,  e,  f,  g.  dp. 

Table  32  shows  truth  table. 
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Table  32 
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5.4  Examples  from  University  Papers  : _ 

1.  As  shown  in  Fig.  Q.5.1  a  combinational  logic  circuit  is  required  for  specifications  <>ivcn 
below  : 


Input  four  lines  A3,  A2,  Ap  Aft  (A3 
being  most  significant)  carry  binary 
equivalent  of  decimal  digit  0-9.  Output 
Y  is  T  when  input  contains  two  or  more 
bits  T.  Otherwise  output  Y  =  'O'. 
Implement  the  necessary  logic  using 
NOR  gates. 

Ans.:  Refer  Section  5.1,  Ex.  1. 

2.  As  shown  in  Fig.  Q.5.2  (a)  a 

combinational  logic  circuit  is  required  to 
satisfy  following  requirements.  Input 
lines  A3,  A2,  Ap  A0  (A3  being  most 

significant)  carry  binary  equivalent  of 
decimal  digit  0  -9.  Output  Y  is  low 


Fig.  Q.5.1 


(Dec.  96,  10  Marks) 


Fig.  Q.  5.2  (a) 


when  at  the  input  only  2  bits  arc  high  otherwise  Y  =  '1'.  Implement  the  necessary  logic 
using  NAND  gates.  (Dec.  97, 10  Marks) 

Ans.  :  (a)  Number  of  input  lines  are  A3,  A2,  Aj,  A0. 

(b)  Number  of  input  combinations  for  4  bits  will  be  2n  =  24  =  16 

(c)  But  in  the  problem  it  is  mentioned  that  it  carries  binary  equivalent  of  decimal  digit 
0-9. 


Therefore,  remaining  suites  i.e.  10  to  15  will  be  treated  as  Don't  care  condition. 
Now  prepare  truth  table  for  this  example. 


Truth  Table  1 
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(d)  Now  draw  K-map,  encircle  l's  therefore  answer  will  be  in  SOP  form. 


From  K-map  output  equation, 

Y  =  AtA0  +  A3A2A0  +  A2A)A0 
We  liave  to  implement  above  equation  using  NAND  gates. 

As  A  =  A 

•  •  Y  =  AjAq  "H  AjA2Aq  "t-  A2AjAq 


Y  -  AjAq  .  A3A2A0  .  A^AjAq 
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■3.  rviiikc  a  truth  tabic  of  function  that  is  true 


_ . _  _  Combinational l  og  c  Circ u  ts 

when  two  or  more  of  four  variables  are  true. 


v  yX&  (Dee.  98, 8  Marks) 

\\\c  ^ns"’  ’’ 's  <lwt  the  function  contains  l  vanable.  Hie  re  fore  (he  circuit  must  have  4  input 

X\\G  hncs  ancJ  o»c  output.  Number  of  input  combinations  for  4  bits  util  be  2"  =  2 '  -  16. 


Truth  Table  2 


MV*-'- 

5.  1 


Decimal 

Inputs 

Output 

Y 

A 

B 

c 

D 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

0 

3 

0 

0 

1 

1 

1 

4 

0 

I 

0 

0 

0 

5 

0 

1 

0 

1 

1 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

1 

10 

1 

0 

1 

0 

1 

11 

1 

0 

1 

1 

1 

12 

1 

1 

0 

0 

1 

13 

1 

1 

0 

1 

1 

1  ' 

.  14 

1 

1 

1 

0 

1 

15 

1 

I 

1 

1 

1 

From  Truth  Table  2,  make  a  K-map  for  the  above  function 
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v  -  AB  + 

(1) 

CD 

(2) 

+  BD 

(3) 

-1  nc 

(4) 

+  AD  +  AC 

(5)  (6) 

...Ans. 

■  •  - -  'M*'  0  1MH.IV  HJ,  HJ, 

^ic  iih  rvidual  bits  with  A0  equals  to  the  LSB,  Design  a  logic  circuit  that  will  produce  a 
u  *GIl  output  w  henever  binary  number  is  greater  than  (0010),  and  less  than  (1000),. 


Decimal 

Inputs 

Outputs 

A 

B 

c 

D 

Y, 

Y, 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

0 

2 

0 

0 

1 

0 

1 

0 

3 

0 

0 

1 

1 

0 

1 

4 

0 

1 

0 

0 

1 

0 

5 

0 

1 

0 

1 

0 

1 

6 

0 

1 

1 

0 

0 

1 

>■7 

/ 

0 

1 

1 

1 

0 

0 

8 

1 

0 

0 

0 

1 

0 

9 

1 

0 

0 

1 

0 

1 

10 

1 

0 

1 

0 

0 

1 

11 

1 

0 

1 

1 

0 

0 

12 

1 

1 

0 

0 

0 

l 

13 

1 

1 

0 

1 

0 

0 

1 1 

1 

1 

1 

0 

0 

0 

15 

1 

1 

1 

l 

0 

0 
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(June  99  f  2  Mark4?) 

Ans.:  Refer  Section  5  1.  Ex.  3. 

Design  a  combinational  logic  circuit  for  the  following  description  : 

Uie  ci t  cu it  has  four  inputs  and  two  outputs.  One  of  the  outputs  is  to  be  true  only  when  the 
majority  of  inputs  is  true.  The  other  output  is  to  he  true  only  when  there  is  ■  tic  between 
inputs  is  true.  Implement  the  above  logic  using  NAND  gates  only.  (June  99,  10  IV!  irks) 
Ans.:  Refer  Section  5.2.  Ex.  16. 

d.  Design  and  implement  a  combinational  logic  circuit  for  the  follow  ing  description,  using 
NAND  gates  only.  The  circuit  has  four  inputs  and  two  outputs.  One  of  the  outputs  i.s  to  be 
!mc  when  the  majority  of  inputs  arc  false.  The  other  output  is  true  only  when  there  arc 
equal  number  of  true  and  false  in  the  inputs.  (Dec.  99,  10  Maries) 

Ans.:  As  there  are  four  inputs  so  there  will  be  2"  =  24  =  16  input  lines. 

Truth  Table  3 


< 


U 


H 


h 


§ 

a 


ft 

y 


Digital 


Now  prepare  K-map  for  the  Tmth  Table  3 
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Output  equation  for  above  K-map, 


Y 


l 


BCD 

(1) 


+  ABD  +  ACD  + 
(2)  (3) 


ABC 

(4) 


Yj  =  BCD  +  ABD  +  ACD  +  ABC 


Yj  =  BCD  .  ABD  .  ACD  .  ABC 


Now  prepare  K-map  for  output  Y2 


,*.  Output  equation  for  Y2 


...Ans. 


Y2  =  ABCD+ABCD+ABCD+ABCD+ABCD+ABCD 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Now  using  Boolean  laws  A  =  A  and  Demorgan  theorem  A  +  B  =  A  •  B 


Y2  -  ABCD+ABCD+ABCD  +AB  CD  +  ABCD  +  ABCD 
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Syllabus : 


Binary  adders,  subtractor,  BCD  adder,  Binary  comparator,  Arithmetic  and  logic 
units. 


r - 

f  Name  of  the  Topic 

Section 

number 

Theory 

r^i 

Problems  1 

•  Adder 

6.2 

•  BCD  adder 

V  1 

6.3 

S 

.  '•  Excess-3  adder 

6.4 

S 

y 

Binary  subtractor 

6.5 

V 

•  BCD  subtractor 

6.6 

s 

V 

•  XS-3  subtractor 

6.7 

s 

•  Multiplier 

6.8 

s 

1^ 

^^Comparator 

6.9 

s 

Comments 


•  Full  chapter  is  very  important. 

•  Minimum  1  question  worth  of  10  to  12  marks,  one  can  expect. 
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6.1  Introduction  : 


In  this  chapter  we  are  going  to  design  arithmetic  circuit  based  on  our  knowledge  of  boolean  algebra, 
logic  gates.  K-map.  Arithmetic  circuits  arc  basically  designed  to  perform  mathematical  task  such  as 
'  addition,  subtraction,  multiplication  etc.  We  want  these  circuits  to  perform  complicated  mathematical 
function  as  fast  and  efficiently  as  possible. 

6.2  Adder  : 


Function  of  adder  circuit  is  to  add  given  number.  We  have  different  codes,  adder  changes  depending 
upon  the  code.  Basically  we  arc  going  to  learn  presently  binary  adder 

Half  Adder: 

T  ihlr  tl!lC  ^S'C  budding  block  for  addition  of  two.  'single'  bit  numbers  The  tmth  Table  is  shown  in 
c  .  where  A„  and  B„  are  the  twn  nnp  Kit  innutr  _ i _ _ _ i  _ _ 


1  Inputs 

Outputs 

^0 

+  Bo 

Sum  (S) 

Carrv  (C) 

0 

0 

0 

0 

0 

1 

1. 

0 

1 

0 

1 

0 

1  1 

1 

0 

1 

+  B, 


Carry  (C) |  Sum  (S) 


Table  6.1 

This  fable  we  have  already  s.udied  in  Binary  Arithmetic  The  K-map  and  the  circuit  ,s  shown  h 

rig.  6.1. 


\B( 

Ao\ 

)  Bo 

o 

B0 

1 

Aq  0 

0 

© 

o 

1 

Aq  1 

©  i 

0 

2 

3 

S  —  AqBq  ♦  AqBq 
=  A o  ®  B0 


\B0 
A0  \ 

B0 

0 

B0 

1 

A0  0 

0 

0 

0 

1 

Aq  1 

0 

© 

2 

3 

Carry  =  C  =  A0B0 


Fig.  6.1 


A0°- 

B0°- 


3X> 

D 


S  =  A0  ®  B0 


Carry  =  AQB0 


Drawback  : 

Drawback  of  the  circuit  is  in  multibit  addition,  it  doesn’t  eater  to  carry  Let's  say  we  want  to  add  A 
A0  and  B,  B0. 
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+ 


B, 


B, 


— »  carry  generated  from 
A0,  B0  bit 


A 

B 

O 

O 

C 

X 

> 

s 

i — 

Half  adder  will  add  A„  and  B0,  but  in  next  stage  we  have  to  add  three 
bits  i.e.  A,.  B,  and  C,  which  will  not  be  done  by  the  circuit,  therefore  we 

have  to  design  3  (three)  single  bit  adder  circuit  which  is  named  FULL  g  2  :  Block  schematic 


ADDER . 


\^6T2.2  Full  Adder 


of  half  adder 


To  overcome  the  drawback  of  half  adder,  we  will  design  three,  single  bit  adder  which  will  consider 
Carry  a 


a  so.  The  truth  table  is  s 

iown  in  Table  6.2 

Inputs 

Outputs 

An 

B„ 

C„ 

s„ 

Cn+, 

0 

0 

0 

0 

0 

0 

0 

1  / 

1 

0 

0 

1 

0 

.1 

0 

0 

1 

i 

0 

r 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

+ 

+ 


C 


^n+1 


T  ' 

Cany 


Table  6.2 

Here  Cn  T ,  represents  carry  for  next  stage  .  Solve  K  maps  for  Sn  and  Cn  + ,  we  get. 


r  -u 


^  r 


.  2n  -  ^n(AnBn,+  An®n)  +  ^n(An^n  +  AnBr>) 
=  +  AnBn)  +  ^n^nBn  +  AnBrO 

=  Cn  ©  (AnBn  +  ^nBn) 


=  Cn©An®Bn 


Cn+1  "  AnBn  +  BnCn  +  CnAn 
•  =  +  Bn^n  '*‘  ^n^nAn 

“  AnBn  +  ^nBr£n  ♦ 

=  AnBn  +  ^n(^nBn  +  ®n^n) 
=  AnBn  +  Cn(An  ® 


Fig.  6.3 
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6-4 


C  uvuil  diagram  is  ;is  shown  in  Fig  6.4. 


-  +  + 


■  - 


Normally  wc  deal  with  multibit  operand  (4  bit,  8  bit,  16  bit  and  so  on),  we  can  design  multibit  adder 
as  basic  building  block  as  shown  in  Fig.  6.5. 


Fig.  6.5 

xn  - 1  t0  *0  =  Operand  1  Zn  _ ,  to  Z0  =  Final  output 

Yn  _  i  to  Y0  =  Operand  2 

As  shown  cam'  oul  of  previous  stage  is  connected  oi  propagated  to  cany  in  of  next  stage,  it  is  also 
called  ripple  carry  propagation.  When  we  apply  operands,  adder  circuit  will  take  some  time  to  perform 
addition  because  cany  should  be  propagated  to  next  stage.  If  the  number  of  blocks  are  more,  propagation  of 

cany  will  be  slower  and  more  time  will  be  consumed  to  perform  addition  job.  But  if  number  of  blocks  are 
less  time  required  will  be  less. 

*  ^s.  Sta^e  ^ t0  say  that  we  concentrate  on  improving  performance  of  adder  circuit,  i.e.  wc 

r  10U<)  'TuS*kn  ^USt  a^ers  ^erc  y°u  nmy  as^»  why  you  concentrate  on  simple  addition  to  be  done  very 
ast  T  e  answer  is  any- mathematical  equation  can  be  written  in  terms  of  addition,  therefore  basic 
operation  is  addition  For  example  ; 

A  -  B  can  be  written  as  A  +  (-  B) 


v 


* 

s 


5- 


| 
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6.2.3 


Fast  Adders  or  Carry  Look  ahead  Generator  :  (May  96,  Dec.  96,  Dec.  97) 

have  designed  fuHaHrf  ^  deSign  f35t  adder  whicfl  emP>°ys  Carry  /«'/£:  ahead  technique.  In  Fig.  6.4  we 

c"a,',■ Fu"  / er  ran  aiM  bc  bum  "si"s  iw° ^  «“«•  ^  «■«  »■»»  «»* 


cr 


Fig.  6.6 

Fig.  6.6  full  adder  using  two  half  adders.  Fig.  6.6  shows  full  adder  circuit. 


where,  S,  =  A(  +  B,  +  Cr  ...(1) 

c,  ♦  ,  =  (A,  e  B.)  C,  +  A,B, 

This  can  bc  written  as, 

C,n  =  G.  +  PiCi  •  t  ...(2) 

:  -c  where,  G,  =  A^, 

and  P,  =  A,  ©  B, 

The  expressions  G,  and  P,  arc  called  the  generate  and  propagate  functions.  The  propagate  function 
causes  an  output  cany  if  there  is  an  input  carry  and  cither  A,  or  B,  is  at  logic  1.  The  generate  function 
produces  an  output  carry  when  both  xt  and  y,  arc  at  logic  1. 

Now  let's  sec  how  the  circuit  will  look  like.  Take  i  =  0  from  Equation  (2). 


-cWl 
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c!  =  n°  ~  A°^n  HcrC  Wc  arc  goinS  10  consider  C0  =  0 

th,s  S,Vcs  US  s0  =  A  ®  r  , 

°  o  (,T|cans  simple  half  adder  circuit). 


Arithmetic  Circuit 


=  1 

i  =  2 


i  =  3 


i  =  4 


G,  +  p,c 


=  G2  +  P2C2 
“  G2  +  P2  (G,  +P,C,) 

0=  +  pj  (G2  +  p20,  +  P,P2C,) 


c,  = 


2i3-^^3+^P2P3Ci 


G3  +G2P,  +  G,P,P,  +p 
G4  +  p 

G 


J4  '  r.iC4 

J4  +  P4  [G3  +  G,P 


...(3) 

Place  Equation  (3) 

Place  Equation  (4) 

Place  Equation  (3) 


...(6) 


_  ^  -  •  ,  +  W,  +  W,C,| 

Now.  draw  circuit  for cV C^0^4  +  + 

going  to  remain  ^l*11  ^  ^  ^  t0ta*  *s  of  2  gates.  Even  though  number  of  carry  bit  increases  delay  is 
ahead  means  f”  * 13t  ^  8atcs.  This  particular  circuit  is  named  as  Look  ahead  carry  generator.  Look 

thf»  •  orecastmg,  carry  bit.  As  we  have  seen  in  previous  adder  circuit,  carry  was  propagating  and 
the  delay  in  generating  final  cany  is  a  function  of  number  of  adder  stages. 


Before  we  implement  full  fast  adder  circuit,  we  will  generate  2  to  3  expressions  for  S,  [Equation 

Number  1]. 

S,  =  A;  ©  B,  0  C, 

For 


i  =  0  S0  =  Ao0Bo  =  Po 
j=l  S,  =  A,  ©  B,  ©  C,.  =  Pi  ©  ci 
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i  =  2  S; 
i  =  3  S  - 


5-7 


Arithmetic  Circuit 


=  A,  9  B;  5  C  =  P;  9  C- 

=  aI  e  b]  s  c3  =  p3  e  c3 


Ex.  1  :  Design  4  bit  adder  using  3  F.  A.  (full  adder)  and  1  (Half  Adder). 

Soln.  :  (1)  From  above  statement  we  conclude  that : 

(a)  Numbers  given  to  4  bit  adder  will  be  A.  -  \  and  B.  -  B0 . 

(b)  Output  will  be  4  bit. 

(c)  We  have  to  cascade  all  the  stage. 


Fig.  Ex.  6.1(a) 

Fi  Ex  6  1  (a)  we  have  first  block  H.A.  (half  adder)  and  next  three  stages  arc  full  adder. 
H  A  Adoes neater  for  cany,  so  if  wc  want  to  'Cascade'  such  4  bit  adders  it  will  not  be  possible  because 
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Digital _ 

actually  cam  of  1st 
terminal  the  same  is 


4  bit  stage  should  propagate  to  next  stage  4  bit  adder  bit  as  H  A  doesn't  have  that 
not  implemcntablc.  Output  is  S0  -  S3  (Sum)  with  fi  arty. 


Ex.  2  :  Design  4  bit  adder  using  4  full  adders. 

Soln.  :  In  previous  problem  we  saw  that  cascade  is  not  implementable  because  of  non  availability  of  cam  ^ 
in  to  H.A.  therefore  we  replace  H  .  A.  bv  F.A..  which  caters  for  cany  generated  from  previous  g 


B, 


B, 


B, 


♦ 

Carry 


L  1 


* 

So 


B0  Aq 

L_! 


rr- 

_ 3 

> 

L_ 

\ 

-t _ 

B 

▼ 

A 

-X - 

B 

A 

B 

o 

o 

c 

FA 

c 

r s 

FA 

Cjn 

c 

FA 

Cin 

4 - 

G0ut 

FA 

in 

4 - 

°out 

4 - 

°out 

s 

S 

S 

S 

T 

'm 


Fig.  Ex.  6.2(a) 

As  shown  in  Fig.  Ex.  6.2(a)  we  have  cascaded  4  full  adder  blocks.  The  1  F.A.  (right  most)  is  inputs 
A0.  B0  and  C0  i.e.  2  inputs  of  operand  and  carry  of  previous  stage  (if  at  all  it  is  present).  This  circuit  is 


going  to  perform  : 


a3 

A-2 

A, 

Ao 

+ 

b3 

b2 

B, 

B0 

+ 

C3 

C2 

c, 

n 

o 

Final  cam' 

Fig.  Ex.  6.2(b)  shows,  4  full  adder  circuit  combined  in  one  package,  and  named  4  bit  full  adder 
circuit. 


Aq  ~  A3  Bq  “  ®3 
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[nput  Operand  1  -  A,  A2  A,  Af) 

Input  Operand  2  -  B,  b'  B,  B„ 

Carry  in  _  £ 

Carry  out  -  q 

Sum  output  -  S34  S2  S,  S0 

Tnis  circuit  is  also  called  as  Binary  Parallel  Adder 

Pin  Description  : 


Pin  Names 


A0  A3 

Bo-B, 


_ Description 

A  operand  input  (4  bits) 

B  operand  input  (4  bits) 

Carry  input 
Carry  output 

Sum  outputs  (4  bits) _ 

Table  1 


Ex.  3  : 
Soln.  : 


Implement  8  bit  adder  using  4  bit  full  adder 


(June ft  Marks) 


Y7  y6  v5  Y4 


X5  X6  x5  X4 


Y3  Y2  ¥3  Y0 


x3  x2  X3  x0 


B3  B2  B3  Bq  Ag  Ajj  A3  Ag 

4  Bit  adder2  „ 


(7483) 

s3  s2  S3  s0 


B3  B2  B3  B0  A3  Ag  A3  Aq 

4  Bit  addar1 

C*  (74*3)  ° 

S3  S2  S1  S0 _ 


Final  Carry 

C, 


Z7  *6  Zs  Z< 


Z3  Z2  Zq 


Fig.  Ex.  6.3(a) 


For  4  bit  adder  1 

(1)  A3  a2  a,  a0  =  X3  x2  X,  x0 

B3  b2  b,  b0  =  Y3  y2  y,  y0 

S3  s2  s,  s0  =  Zj  z2  z,  z0 

c  =  0  (Because  this  stage  is  the  starting  stage  and  assumes  NO  CARRY  GENERATED  FROM 
PREVIOUS  STAGE.) 

C4  Carry  from  3rd  bit  propagated  or  Passed  on  to  next  stage 
(2)  For  4  bit  adder  2 

A,  A,  A,  A0  =  X7  X6  a4 

B  b|  B,  B0  .  Y,  Y6  Y,  Y4 

Sj  s2  s,  s0  *  z7  Z6  Zs  z4 

C0  =  Connected  to  output  C4  of  1“  stage 
C4  =>  final  carry 
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Operation  performed 
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•s, 


+ 


C0  C4 


Zi 


i 


For  4  bit  adder. 


For  4  bit  adder. 


Let's  implement  some  circuits  using  4  bit  adder  block. 


Note  :  Here,  in  between  carry  i.e.  Cv  C2  and  C3  are  not  shown.  But  it  will  be  taken  into  account. 


6.3  BCD  Adder: 


4  bit  adder  block  can  be  used  to  perform  BCD  addition.  The  rules  for  BCD  addition  are  as  follows  : 


Rules:  (1)  When  answer  is  >  9,  add  (6)10  =  (01 10)2 
(2)  If  a  carry  is  generated,  add  (6)10 


The  above  steps  are  performed  to  get  VALID  BCD  Number 
Reference  for  the  same  is  Chapter  2. 

Let's  refresh  the  concept 

(i)  Add  BCD  numbers  (6)10  and  (5)10 


(6) 

(5) 


-» 
— ) 


0 

0 


1 

0 


0 

1 


(  A3 
(  B3 


B- 


0 


( 


Ai  Ao  ) 

B0  ) 
Si  S0  ) 


Cm  is  grounded 
(for  4  bit  adder) 


Output  S,  S,  S,  S0  =  1  0  1  1.  But  this  code  is  not  valid  BCD.  To  get  correct  answer, 
we  should  add  6  into  it. 


+ 

Carry 


m 


i 

o 


0 

1 


1 

0 


■(S, 


s, 


Sq) 


0 


0 

T 

l 


4 


Take  one  more  example, 


Add  BCD  9  and  8 

(9)  => 

1 

0 

0 

1 

(8)  =* 

1 

0 

0 

0 

Cany  [7] 

0 

0 

0 

1 

0 

1 

1 

0 

1  t 

0 

1 

1 

i 

1 


/.  Answer  is - >  1 1  (6  +  5  =  1 1)  valid  BCD 

First  level  of  addition 

If  we  observe  answer  is  1 1  but  we  want  answer  (9  +  8  =  17). 
add  again  6,  EVENTHOUGH  answer  is  0001  i.e.  is  valid  BCD 

Answer  is  17  (valid  answer) 
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nclusion  front  above  two  examples  : 

(0  We  require  digital  circuit  which  senses  that  answer  is  >  9  i.c.  invalid  BCD.  After  sensing,  it 
should  add  6  to  the  answer. 

We  have  to  also  check  'Carry'  generated  because  when  cany  generates  answer  is  normally  valid 

BCD.  Therefore,  circuit  designed  in  point  1  will  not  help  us  to  add  6,  therefore  sense  'Carry'  and 
add  six. 

(3)  To  achieve  correct  BCD  answer  we  require  two  level  of  adder  circuit.  First  adder  will  add  BCD 
inputs.  Second  will  add  6  to  the  answer  only  and  only  if  numebr  is  invalid  BCD  OR  carry 
generated  from  FIRST  STAGE. 


So  lets  first  design  combinational  logic  circuit  which  will  sense  that  number  is  greater  than  9.  The 


K-Map  : 


Decimal 

onutuim  laoieo.j. 

— -  Innuts 

Output 

s3 

S2 

Si 

So 

Y 

0 

0 

0 

0 

o 

o 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

0 

3 

0 

0 

1 

1 

0 

4 

0 

1 

0 

0 

0 

5 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

0 

7 

0 

1 

1 

1 

0 

8 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

10 

1 

0 

1 

0 

1 

1 1 

1 

0 

1 

1 

1 

12 

1 

- 1 

0 

0 

1 

13 

1 

1 

0 

1 

1 

14 

1 

1 

1 

0 

1 

15 

1 

1 

1 

1 

1 

Table  6.3  \ 


®3®2\ 

o  ^  ^ 

00 

5iS0 

01 

S1S0 

11 

.  o 

|co_  o 
c/T 

^3^2  00 

0 

0 

0 

0 

0 

1 

3 

2 

^3S2  01 

0 

0 

0 

0 

4 

5 

7 

6 

S3S2  11 

6 

1 

(1 

-T 

12 

13 

15 

14 

S3^2  10 

0 

0 

2 

l 

a 

9 

11 

10 

Y  =  S3S2  +  S3S1 
Fig.  6.10 


Valid  BCD 


Invalid  BCD 
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Output 


Fig.  6.11 

(1)  Two  adder  circuits  (4  bit  binary  adders)  are  required.  The  first  4  bit  binary  adder  performs  actual 
addition.  The  second  4  bit  binary  adder  adds  six  or  zero  depending  on  whether  result  is  greater  or 
less  than  9,  respectively. 

(2)  Adding  zero  to  the  number,  does  not  affect  the  result.  But  just  passes  it  through  the  4  bit  binary 
adder. 

Refer  Fig.  6.11. 

6.3.1  Packed  BCD  Addition  : 

A  packed  BCD  number  is  nothing  but  combination  of  two  BCD  digits  i.e.  34,  59,  60  and  so  on. 
What  we  designed  under  BCD  adder  was  for  single  BCD  digit  (4  bit  number),  now  we  require  to  add  two 
BCD  digits  (8  bit),  logically  the  answer  is,  we  have  to  cascade  BCD  adder  circuit.  So  total  we  require 
four  7483.  Refer  Fig.  6.12. 

Consider  example : 

(i)  19  0  0  0  1  1  0  0  1 

+  16  0  0  0  1  0  1  1  0 

"57  0  0  1  0  1111 

_ _ 4-0  110 

,0  0  1 A  .ULU 

3  5 


[Xt-XJ 

IY7-y0) 


90 
+  91 


c 


0 


1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

p 

0 

0 

1 

I— 

_ 

_ 

-1 

u 

_ 

_ 

ix, -XJ 
1*1 -YJ 


8 
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Fig.  6.12 


6.4  Excess  -  3  Adder  : 


Basic  for  excess  -  3  addition  ; 


(1)  Convert  given  numbers  in  their  XS-3  format  This  is  achieved  by  adding  3  to  it. 

(2)  Now  add  both  the  XS— 3  numbers. 

(3)  If  carry  generated - >  add  3  to  the  sum  of  two  digits 

ejse  - >  subtract  3  from  sum  of  two  digits. 

(4)  For  subtraction  one  can  go  for  2's  complement  method. 

(3)10  =0011 

l's  complement  =  110  0 

_+ _ 1_  ± _ L 

110  1  /,  add  (1101)  to  the  answer  and  neglect  cany. 


2's  complement 


Take  an  example,  add  8  and  4  in  XS-3. 

(8)10  =>  (1000)2  /.  XS-3  =  10  0  0 

+  0011 


(4)  io  =>  (0100)2 


XS-3  =  0  100 

+  0011 


10  11 


0  111 
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Now  add  both  : 


1 

0 


0 

1 


1  1 
1  1 


-»  XS  -  3  (8) 
*  XS  -  3  (4) 


carry  ->  [7]  0  0  1  o  As  cany  is  1,  add  3 


+ 

0 

0 


1 


1 

0 


1_ 

0 


+ 

0 

0 


0  1  1 
1  0  1. 


1 


Take  one  more  example,  add  4  and  3 
4  inXS-3  is  0111 
3  inXS-3  is  0110 
'  •••  4  .. 


in  XS-3 


0 

0 


7  @  1  1  0  1  As  carry  is  not  generated  subtract  3.  Subtract  3  is  same  as 

+  110  1  adding  1101. 


10  10 


Neglect 

carry 


7  in  XS  -  3 


Now  here  the  problem  is  how  you  will  come  to  know  when  to  add  001 1  or  1 101  (i.e.  subtract  3).  The 
answer  is  'cany1  bit.  So  here  you  haVe  to  design  the  circuit  which  will  add  001 1  or  1 101  depending  upon 
carry  bit.  Therefore  let's  compare  0011  and  1101. 


B, 

0 

1 


B2 

0 

1 


B,  B, 


1 

0 


when  cany  =  1 
when  carry  =  0 


If  you  observe  B0  bit  in  both  situation,  it  is  high.  Now  compare  B,,  B2  and  B3,  you  will  find  that 

one  is  complement  of  another. 

when  Carry  =  1  B,  =  1  B2  =  B3  =  0 


Carry'  =  0_ 


B,  =  1 

B1=0j 


B2  =  B3  =  1 


follows  carry  complement  of  carry 


Circuit  is, 


Carry 


( 

T 

>  — 

V( 

1 

:c 

b3  b2  e 

1  B 

0 

Fig.  6.13  (a) 

Finally,  again  we  required  two  level  of  adder  circuit.  Refer  Fig.  6.13  (b). 


Scanned  by  CamScanner 


Digital 


6-15 


Arithmetic  Circuit 


XS-3  digit  operand  1 


XS-3  digit  operand  2 


\i 


Fig.  6.13  (b) 


6.5  Binary  Subtractor : 


Before  we  start  designing  binary  subtractor  using  7483.  Let's  have  basics  refreshed. 

6.5.1  Half  Subtractor : 

This  is  basic  building  block  for  subtraction  of  two,  one  bit  number.  The  truth  Table  is  as  shown 


In 

puts 

Outputs 

Ao 

B0 

Difference  (D) 

Borrow  (B) 

0 

0 

0 

0 

0 

"  1 

1 

1 

1 

0 

i 

0 

1 

1 

0 

i 

0 

Table  6.4 


The  rules  for  subtraction  has  been  already  covered  in  chapter  2. 
K-Map  :  The  circuit  is  as  shown  in  Fig.  6.14. 
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B, 


A 


o 


■ 

a 

a1 

Br 


A) 


o 

O 

0 

2 

© 

i 

0 

3 

d  =  A)Bo  +  a0b0 
=  Aq  ©  B0 

(a) 


B  -  A0B0 


(b) 


Fig.  6.14 

Disad\  antages  of  half  subtractor  is.  it  doesn't  cater  for  previous  borrow,  if  any. 

6,5  2  Full  Subtractor : 

To  overcome  problem  of  half  subtractor,  we  design  full  subtractor.  Assume  A0  and  B0  as  one  bit 


Inputs 

Outputs 

A„ 

Bo 

Bn 

Dn 

Bn  +  i 

0 

0 

0 

0 

0 

iivvi  ,  JO  »*  »  — 

u 

0 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 . 

1 

1 

1 

1 

Tabic  6.5 


K-Map : 


Scanned  by  CamScanner 


6-17 


Arithmetic  Circuit 


circuit  diagram  is  as  shown  in  Fig.  6.15  (b). 


Basically  we  never  go  for  direct  subtraction  method.  We  use  negative  number  representation  i.e.  l's 
complement  and  2's  complement  number  system,  because  A  -  B  =  A  +  (-B). 

So  basic  operation  we  perform  is  add  A  with  negative  B  number.  Secondly,  we  normally  work  with 
multidigit  number,  so  we  should  go  for  multibit  subtractor. 

6.5.3  Binary  Parallel  Subtractor  using  l's  Complement  Method  : 

We  have  already  seen  l's  complement  method  in  chapter  2.  We  normally  complement  the  operand 
which  is  to  be  represented  in  -ve  number.  Secondly  after  addition  A  and  (-B),  if  cany  generated,  it  is 
added  in  the  answer  therefore  also  called  as  end  around  carry. 

The  circuit  is  as  shown  in  Fig.  6.16. 
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pjj,  (,'^  -7^  uscs  ^  kit  odder.  TIic  some  circuit  can  be  implemented  using  full  adder  circuit,  refer 


Fig.  6.17 

Basical  1\  working  of  both  the  circuit  is  same.  We  will  see  working  of  Fig.  6.16  which  is  also  valid 
for  Fig.  6.17. 

Case  -  I  :  Pcrlonn  4-2.  .\  operation  is  4  +  (-2) 

•••  (4)]0  =  0100  =  X3  X;  X,  X0  =  A3  A2  Aj  A0 
(2),0  =  00  1  0  =  Y3  Y2  Y,  Y0  ■ 

I's  complement  of  (2)10  =110  1  (B,  B2  B,  B0) 


+ 


A, 

3 

B, 


A2 

B, 


B. 


B, 


0 

I— 

C4 


0 

1 


0 

0 


0 

1 


0 


0 


0 


0  0  1 
Carry  (Indicates  answer  in  true  form) 
Case  -  II :  Perform  (2)  -  (4),  .'.  operation  is  (2)  +  (-4) 

...  (2)!0  =  0010  =  X3  X2  X,  X0  =  A3  A2  A, 

(4),o  =  0  1  0  0  =  Y3  Y2  Yj  Y0 

I's  complement  of  (4)10  =  10  11  =  B3  B,  Bj  B0 


— >  S3  S,  Si  Sr 


+ 


A3  a2  A,  a0 
B,  B,  B.  B0 


0 


+ 

[0 

T" 

I 

f 

C4 


0 

0 


0 

1 


1  0 


1 

0 


110  1 


— ^  S3  s,  s 


1  So 


C4  =  0  cam'  indicates  answer  is  in  I's  complement 


So  if  we  want  in  true  form  again  invert  it 
...  S3  S:  S‘,.S0  =  1  1  0  I  =  (-2) 

...  Complement  of  (-2)10  =  0010=  (+2)  (True  form) 
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6-5.4  Binary  Parallel  Subtractor  using  2's  Complement  Method  : 


Normally  in  practical  condition  \vc  use  2's  complement  method  of  subtraction  : 
s  complement  =  l's  complement  +  1 

...  Y  Perf°rm  A  -  B.  A  +  (-B)  is  performed,  and  B  represented  in  2's  complement  form.  After 

non  if  cam-  is  generated,  it  is  not  taken  in  the  final  answer.  It  is  used  just  to  know  that  answer  is  in 
true  form  or  not. 

is  no^rfCr  ^  616,  0lltput  of  invcrtcr  (7400)  gives  l's  complement.  In  2’s  complement,  end  around  cam 
cqtured.  Therefore  C4  and  C0  arc  not  connected.  Now  we  can  use  Cn  input  to  get  2's  complement. 

therefore  C0  we  will  tie  to  logic  1. 

So  finally  inverter  gives  l's  complement  and  C„  adds  1.  so  we  get  2's  complement  number.  Refer 

Fig.  6.18.  0 


X3  X2  X1  X0 


± — ± — ± _ i 


Y3  y2  y,  y0 


iYYYY 


'7404 


a3  a2  A1  A0 


b3  b2  B1  B0 


4  Bit  adder 
(7483) 


'o 


S3  s2  s1  s0 


Carry 


V, 


cc 


LJ  /C*  - 


r  t 


'  '  f  ->  yjr  A; 


-Vi 


743^1 

J  * 


Output 


Fig.  6.18 

Fig.  6.18  uses  4  bit  adder  block.  Same  circuit  can  be  implemented  using  full  adder.  Refer  Fig.  6.19. 


S3  s2  si  S0 

Fig.  6.19 


The  working  of  the  circuit  in  Figs.  6.18  and  6.19  is  same.  We  will  leant  how  Fig.  6.18  works. 
Working  of.circuit : 

Case  I  :  Perform  (4)I0  -  (2)10,  (4)l0  +  (-2)10 

(t4) jq  =  0  10  0  =  X3  X2  X|  X0  =  A3  A2  A,  A0 

(+2),0  =  0  0  10  =  Y3  Y2  Y,  Y0 

l’s  complement  =  1  1  0  1  -  B3  B2  B,  B0,  C„  -  1  -  Vcc 
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A, 

b; 


a2 

b~~ 


A, 

B, 


C 


This  gives  2's  complement 
ofY>Y2Y,  Y0 
given  number 

Case  11  :  Perform  (2)l0  -  ( 
(+2)  =0010 


Operation : 

V' _ A:_  Ai  Ao 

;T5-,  B;  -B- 

+  I  pi 

\ _ _ _ _  i 

This  gives  2's  complement  of  given 
input  number  Y3  Y-,  Y,  Y0 

Cam-  indicates,  to  get  answer  find  c 
S3  S;  S,  S0  1110 
1  's  complement 
+  1 


Lo 

!»1 

0 1 

0 

+  1 

1  0  0 

1  0  1 

1 

[7]  o 

0  1  0 

ULl  L_ 

_ J 

♦ 

cam  C4 

Answer 

(2)  +  M), o 

|X2 

X,  x0  = 

A,  A:  A,  A^ 

i  Y 

2  Y,  Y0 

^  B, 

5  ’  Cq  ~  1 

=  V 

vcc 

0 

0  1  0 

+ 

1 

0  1  1 

+ 

1 

@ 

1  1 

1  L_ 

1  1  0 
_ I 

1 

answer 

,  (Cany) 

ut  2's  complement  of  S,  S:  St  S0. 

(  2)]0 

0 

0  0  1 

1 

s:  s2  s,  s0 


2's  complement  0  0 

6.5.5  Controlled  Addition  /  Subtraction  : 


s.  s:  s,  s0 


->(2) 


10 


Under  this  section  we  would  like  to  design  a  circuit  which  will  function  as  adder  as  well  as  subtracter 
The  operation  should  be  performed  according  to  the  Control  Input  provided  to  the  circuit  To  achieve  this 

we  use  EXOR  gate  with  4  bit  parallel  adder  (7483). 

Case  I  :  As  shown  in  Fig.  6.20,  one  terminal  of  EX-OR  gate  is  tied  to  Vcc  (logic  1)  and  oilier  is 

given  w  ith  variable  A. 


Inputs 

Output 

A 

1 

Y 

0 

1 

1 

1 

1 

0 

®  Truth  Table 


Fig.  6.20 


As  shown  in  truth  table  Output  y  ts  'complement'  of  input  variable  A. 

Case  II  *  As  shown  in  Fig  6.2 1,  one  temunal  of  EX-OR  gate  is  tied  to  GND  (logic  rcro)  and  other  is 
tied  to  variable  A. 


m 
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Inputs 

Output 

A 

0 

Y 

0 

0 

0 

1 

0 

1 

®  (b)  Truth  Table 


rig.  (j.zi 


tcrminalS  -0"11  *,n  lrut^  tabic.  Output  Y  is  same  as  that  of  variable  A.  It  means  that  EXOR  with  one 
Let's  d  tIC  t0  7Cr°  3CtS  aS  transParcnt  gate  i.e.  input  is  'zero',  output  is  'zeroj  input  is  T,  output  is  T. 
csign  circuit  w Iiich  will  perform  addition  as  well  as  subtraction.  Refer  Fig.  6.22. 


Output 


Fig.  6.22 

Fig.  6.22  uses  4  bit  adder.  The  same  circuit  can  be  implemented  using  full  adder  circuit.  The  working 
of  the  circuit  will  be  identical.  The  circuit  using  full  adder  is  shown  in  Fig.  6.23. 


Output 
Fla  6  11 
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Operation  : 

Casc  ~  *  :  Control  Input  =  0 

When  Control  Input  =  0,  EX-OR  will  act  as  transparent  gate  i.c. 

3  Bj  B'  B"  =  Y3  Y2  Y,  Y0  ;  A,  A2  A,  A0  =  X,  X2  X,  X„  and  Cn  =  0 
•  •  performs, 

A’  A;  A,  A„  =  X,  X,  X,  X0 

B>  B!  B,  B0  -  Y,  Y2  Y,  Y„ 

t _ c,  =  0 

s’  s2  s,  s0  z,  z2  z,  z„ 

Adding  0  lo  X2  X,  X,  Xn  and  Y,  Y2  Y,  Y0  will  not  affect  answer. 

Case  -  II  ;  Control  Input  =  1 

When  Control  Input  =  1,  EX-OR  will  act  as  an  Inverter  gate 


i.e.  B3 

b2 

B, 

B0 

=  Y3  y2 

o 

i 

Here 

b3 

b2 

B, 

B0 

l's  complement 

y3  y2  y“  y0 

+ 

C0  - 

+  1  s 

+  C0 

2's  complement 

2's  complement  of  given 
number  Y3  Y2  Y,  Y0 

Final  operation 

can  be  represented  mathematically, 

a3 

A2 

A. 

Aq 

X3  X,  X, 

X0 

+ 

B3 

B2 

B, 

DO 

o 

III 

+ 

Y3  y2  y, 

Y0 

+ 

Co  + 

C0 

S3 

S2 

s, 

So 

z3  z2  z, 

Zo 

6.6  BCD  Subtractor : 


The  7483  is  used  as  a  basic,  building  block  to  implement  BCD  subtractor.  For  BCD  subtraction 
nine's  complement  of  the  subtrahend  is  added  to  the  minuend.  The  nine's  complement  of  a  number  can  be 
found  by  subtracting  the  given  number  from  nine  (9),  or  by  adding  10  to  l's  complement  of  given  number. 
For  example  :  Find  9's  complement  of  (2)10. 


(2)10  -  (0010), 


•••  (9)10  1  0  0  1 

-  (2),o  0  0  1  0 

0  111  - »  Nine's  complement  of  (2)10 

The  same  you  achieve  by  Adding  10  to  l's  complement  of  given  number. 

(2)i0  (0  0  1  0)2 

l's  complement  of  (2))0  (1  1  0  1)2  >  (  2)10 


(10)10 
+  (-2)10 
carry  -> 


10  10 
110  1 


I 

r 


0  111- 
(don't  take  cany  into  account) 


Nine's  complement  of  (2)10 
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.S  «  more  easier  to  implement  therefore 

shown  in  Fig.  6.24 


most  widely  used.  The  circuit  using  the  same  is 


Input  number 


d3  D2  D1  D0 


6.6.1  Working  of  Circuit : 

Take  D3  D2  D,  D0  =  (0  1  0  0)2  =  (4)10 

B3  B2  B,  B0  =  D3  D2  D,  D0  =  1  0  1  1,  C0  =  0  (GND) 

.*.  A3  At  Aj  Aq - >  10  10 

+  b3  b2  b,  b0 - >  10  11 

Ignore  cany  -» [TJ  0  10  1  -»  9's  complement  of  (4), 0  i.e.  (5),  0 

As  stated  earlier  to  perform  BCD  subtraction,  the  9's  complement  of  subtrahend  (operand  2)  is  added 
to  the  minuend  (operand  1).  Let's  first  see  the  BCD  subtractor  circuit.  Refer  Fig.  6.25. 

As  shown,  4  bit  adder,  used  to  find  9's  complement  of  operand  2. 

4  bit  addcr2,  4  bit  adder3  provides  simple  BCD  adder  circuit. 

4  bit  adder4  is  used  to  get  answer  in  true  form. 

Let's  study  two  examples  for  the  same  : 

Case  - 1 :  Perform  BCD  subtraction  (8)10  -  (3)10 

Here  (8)10  =  operand  1  =  (1000),  =  X3  X,  X,  X0 

(3)10  =  operand  2  =  (001 1)2  =  Y3Y2Y,Y0 
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BCD  input  (operand  2) 


Fig.  6.25  v 


nan"  t 
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Operation  performed  by  4  bit  adder,  :  This  is  to  find  9's  complement  of  (1) 
A3  A^  Ai  Ao  - >  10  10  - >  10  10 


10 


+  B,  B,  B, 


B, 


S;  s,  s. 


->  M ,  M,  M,  M0  - >  y  y 


Y  Y 

2  1 1  1 0 


— > 


I,  I, 


1,  l 


0 


10  10 
110  0 


0  1  10 


9's  complement  of  (3)10  =  (01 10),  - 
Operation  performed  by  4  bit  adder, : 

A,  A,  A,  A0  - >  X,  X, 

+  B,  B,  B.  R  .  i  t 


>  (^)|Q 

X,  X0  - > 


carry  ignored 


0^ 

T 


1  0  0  0 

1110 

Olio 


ainy 

Operation  performed  by  4  bit  adder, : 

As  J3  J,  J,  J0  =  (1 1 10),  which  is  greater  than  9,  logic  level  at  point  'P'  is  T.  Q  =  1 
7483,  will  add  (6)10  =  (01 10)2  to  J3  J,  J,  J0. 

A,  A,  A,  A0  - >  0  110  - >  0  110 

+  B3  B,  B,  B0  - >  J3  J2  Ji  Jo  - >11  10 

s3  s,  s,  s0  k3  k,  k,  k0  [J]  o  i  o  o  -+k3k2k,k0 

T 

cany 

Operation  performed  by  4  bit  adder, : 

As  point  Q  =  1,  point  R  =  0.  This  will  make  EX-OR  gate  transparent. 

K3  K,  K,  K0  =  L3  L,  L,  L0 

Finally  operation  is  : 

A3  A,  A,  A0  - >  0  0  0  0  - >  0  0  0  0 

+  B3  B,  B,  B0  +  J3  J,  J,  J0  +01  0  0 

+  _ _ Cq_  +  _ ^o_  +  _  1 

S3  S,  S,  S0  Z3  Z,  Z,  Z0  0  10  1  ->  (5),0 

and  sign  =  0 

Final  answer  for  (8)I0  -  (3)10  =  (5)10 
Case  II  :  Perform  BCD  subtraction  for  (3)10  -  (8),0 
Here  (3) , o  =  Operand  1  =  (0  0  11),  =  X3  X,  X,  X0 

(8)10  =  Operand  1  =  (1  0  0  0),  =  Y3  Y,  Y,  Y0_ 

Operation  performed  by  4  bit  adder, : 

A3  A,  A,  A0  ->  1  0  1  0  ->  1  0  1  0  ->  10  10 

+  B3  B2  B,  B0  ->  M3  M,  M,  Mq  ->  Y3  Y,  Y,  Y0  ->  0  1  1 _ l_ 

s3  S2  S,  S0  I3  ii  lo  It  ^2  in  o  0  0  1 

T 

ignored 
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9s  complement  of  (8),0  =  0  0  ()  l _ >  (i) 

Operation  performed  by  4  bit  adder2 : 


10 


A3  A,  A,  a0  x,  X,  X, 


+  B3  b2  b,  B0 


-> 


s,  s, 


h  J, 


’3  J  2  Jl 


Xo  ->001 
Ip  ->  0  0  0 

Jo  fol  0 


1  0  0 


Arithmetic  Circuit 


Operation  performed  by  4  bit  adder, : 


canv 


As  J,  J2  J]  J0  0  1  0  0  and  No  carry'  generated  P  =  Q  =  0 

^3  Ao  A,  A0  - >  0  0  0  0  - >  0 

B3  B2  B1  B0  - >  J,  J2  J,  J0  - *  0 


0 

1 


0 

0 


0 

0 


0  0 


K3  K2  K,  K0  0  1 

Operation  performed  by  4  bit  adder4 : 

As  point  Q  -  0,  point  R  =  1.  Therefore  now  EXOR  gate  will  act  as  an  Inverter  i.c. 
L3  L2  L,  L0  =  K3  K2  K,  K0  and  C0  =  0 


A3  A2  A,  Ac 


+  B3  B2 
+ 


B,  B, 


+ 

+ 


'0 

1  0 

L3  L2 


1 

L, 


0 

Bo 

c 


— > 


0 


+ 

+ 


0 

0 


0 

1 

0 


S3  ^2 


Z3  Z2  Zi  ZTr0 


'  ignore 


Answer  is  sign  =1  Z3  Z2  Z,  Z0  =  0  1  0  1  =  (5)10 
So  answer  is  -  5  as  sign  =  1 

6.7  XS  -  3  Subtracter  : 


(5) 


to 


Steps  involved  in  XS  -  3  subtraction  are  as  follows  : 


Step  I 
Step  II 
Step  III 
Step  IV 


Convert  both  number  in  their  XS-3  format 
Complement  the  subtrahend 
Add  complemented  subtrahend  to  minuend 
After  addition  of  these  numbers 
If  carry  generated  then 

(i)  Result  is  positive 

(ii)  Add  cany'  to  the  result  therefore  called  end  around  carry. 
else 

(i)  Result  is  negative 

(ii)  add  (13)10 

(iii)  Take  l’s  complement  of  the  result.  _ 


Now  we  will  sec  the  circuit  for  the  same  and  analyse  the  circuit. 
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Operation  of  the  circuit : 

Case  I  :  Perform  (8)]0  -  (3)]0  in  XS  -  3  code,  (8)10  +  (-3)10 
XS  -  3  for  (8)]0  =10  11  =  X3  X,  X,  X0 

XS  -  3  for  (3)10  =0110  =  Y3  Y2  Y,  Y0 

I3  I2  Mo  =  1001  i.e.  complement  of  (0  1  1  0)2 

Operation  performed  by  4  bit  adder,  is  : 

A3  At  A,  Ag  — >10  11  — ■>  1 

B3  B2  B,  B0  — >  ^3  U  — >  1 

s3  s2  s,  Sg  J3  J2  j,  J0  |T|  o 

C4 


Arithmetic  Circuit 


0  l  1 
0  0  1 
1  0  0 
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Operation  performed  by  4  bit  adder,  is  : 

A3  A;  A,  An  — >  0  0  I  1  ->  0  0  11 

+  B<  B:  B.  Bo  +  J3  J2  J,  J0  +010  0 

+  _  Co  +_ _ l_  +  0  0  01 

3  S,  S,  S0  Z3  Z2  Z,  Z0  •  |j)J  i  0  0  0  ~ ; >  Zj  Z,  Z0 

'  Ignore 

As  C4  of  7483,  is  equal  to  T,  R  =  1,  R  =  0.  Z3  Z2  Z,  Z0  =  H3  H,  H,  H0  as  EXOR  gates  arc 

transparent. 


H3  H:  H,  H0  (1  0  0  0)2  —  EX-3  code  of  (5)10  with  R  =  1 
Case  II  :  Perform  (3),0  -  (8),0  in  XS-3 


XS-3  for  (3)10  =  0  110 

- > 

X3 

X,  X, 

X0 

XS-3  for  (8),0  =  10  1 

1 

- > 

X3 

x2  Y, 

Y0 

Bj  B,  B,  B0  =  I,  I2  I,  I0 

= 

y3  y2 

Y, 

Y0  = 

:  0  10  0 

Operation  performed  by  4  bit  adder, 

: 

a3  a2  a,  A0 

— » 

X3 

x2 

X0 

-+ 

0  1 

1 

0 

B3  B,  b,  b„ 

-> 

h 

I2 

I, 

k 

— > 

0  1 

0 

0 

^3  ^2  Sj  S0 

J3 

h 

Jl 

Jo 

0  ' 

1  0 

1 

0 

T 

As  C4  =  0,  R  =  0  R  =1 

C4 

of  4  bit  adder 

Operation  performed  by  4  bit  adder. 

• 

• 

A3  A2  A,  A0 

-> 

0 

0 

1 

1 

— > 

1  1 

0 

1 

+•  B3  b;  B,  B0 

+ 

J3 

J2 

Jl 

Jo 

+ 

l  0 

1 

0 

+  Cq 

+ 

R 

+ 

0 

S3  S2  S,  S0  Z^  Z2  Z,  Z0  j^Yj  0  1  1  i 


Now  as  R  =  1,  EX-OR  gates  connected  at  final  output  stage  will  act  as  complement  or  inverter  gate. 

H3  H:  H,  H0  =  Z3Z2Z,Z0  =  Oil  I  =  10  00 
where  1  0  0  0  is  XS-3  code  for  (5)10  with  R  =  0 
So  R  will  tell  you  about  positive  or  negative  sign. 


Ex.  4  :  Using  three  half  adders  (HA),  Implement  the  following  four  Boolean  functions.  Draw  a  neat 
diagram  of  the  arrangement  using  minimum  hardware. 

(i)  PQR  +  (P  +  QR) 

(ii)  P  ®  Q  ®  R 

(iii)  PQR 

(iv)  PQR  +  PQR 
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Soln. 


Let’s  take  half  adder. 


Po- 

Qo- 


-D4 

PQ  «■  PQ,  /ttxFQo- 
Ro- 


PQ 


■Kv) 


4 

—  — 

u)L> 

Tbi 

PQ  ©  R 


P  ©  Q  o- 
R  o- 


PQR 


PQ.R  +  PQ.R 
=  (P  +  Q)  R  +  PQR 


£> 


P  ©  Q  ©  R 


Ty= 

_ /  p 


(PQ  +  PQ)  R  = 


PQR  -  PQR 


(a) 


(b) 

Fis.  Ex.  6.4 


(c) 


Ex.  o  .  Show  that  a  full  adder  circuit  consists  of  a  three  input  EX-OR  and  a  three  input  majority 
functions. 

Soln.  :  For  a  full  adder  we  have. 

S  =  A  ©  B  ®  C 

CB+1  =  AB  +  BCn  +  CnA  =  AB  (Cn  +  Cn)  +  BCn  (A  +  A)  +  ACn  (B  +  B) 

=  ABCn  +  ABCn  +  ABCn  +  AB  Cn  =  Im  (7.  6.  3,  5) 

Since  there  are  three  variables,  the  minterms  possible  are  0  through  7  out  of  which  minterms  3.  5.  6 
and  7  has  a  majority  of  logical  l’s  in  their  binary  equivalent.  Thus,  Cn^  1  is  a  three  input  majority 

function. 


Ex.  6  :  Using  half  adder  and  additional  gates,  design  a  controlled  half  adder/half  subtractor  such  that 
when  control  signal  is  logic  0,  the  entire  circuit  behaves  as  a  H.S  and  when  it  is  1,  if  behaves 
as  a  half  adder  (H.A.) 

Soln.  :  Table  2  shows  the  truth  table  for  the  above  mentioned  problem  where  M(mode  control)  decides 

_ HA  or  HS  operation. _ 


Inputs 

Outputs 

Decimal 

A 

B 

M 

(D/S) 

X 

(B/C) 

> 

0 

0 

0 

0 

HS 

0 

0 

2 

0 

1 

0 

1 

1 

4 

1 

0 

0 

1 

0 

6 

1 

I 

0 

0 

0 

1 

0 

0 

1 

HA 

0 

0 

j 

0 

1 

1 

1 

0 

5 

1 

0 

1 

1 

0 

7 

1 

1 

1 

0 

1 

Difiercnce/Sum  Borrow/Cany 
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,AB 

M\ _ 00  oi 


11  10 


0 

0 

1 

0 

1 

0 

2 

6 

4 

1 

0 

1 

0 

1 

 1 

3 

7 

5 

M 


.  AB 


X  =  AB  +  AB 
=  A  ©  B 


Y  =  ABM_+  ABM 
=  B  (AM  +  AM) 


Circuit  :  Refer  Fig.  Ex.  6.6(b) 


Ao- 

Bo- 


Mo- 


Fig.  Ex.  6.6(a) 

T>- 


*-x 


X> 


X> 


-*Y 


Fig.  Ex.  6.6(b) 
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0 

0 

©2 

6 

0 

o* 

1 

0 

3 

0 

O' 

5 

0 

Ex.  7  :  Implement  a  full  subtractor  using  two  half  subtractors  and  OR  gate. 

Soln.  :  We  know  that, 


For  half  subtractor 
D  —  A0  ©  B0 


®  Ao 
Let's  sav 


A0  =  X 
B0  =  Y 


For  half  subtractor 

D  =  x  ©  y 

B  =  x  v 


For  full  subtractor 

D„  =  A0  ffi  B0  ffi  B„ 

+  1  ~  ^0  +  ^0  ^0  + 


D„  =  x  +  y  +  B 


B 


n+1=xBn  +  xy  +  yBn 


The  circuit  is  as  shown  in  Fig.  Ex.  6.7. 


Fig.  Ex.  6.7 

Bn,,  =  x©y  .  Bn  +  xy 


=  (  xy  +  x  y  )  Bn  +  x  y 
=  x  y  Bn  +  x  y  Bn  +  x  y 
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x  (y  +  y  Bn)  +  x  y  Bn  .  A  +  AB  =  A  +  B 

X  (v  +  Bn)  +  XT  Bn 
xy  +  xBn  +  xyB„ 
y  (S  +  xB„)  +  xB„ 

v  (x  +  B.)  +  x  B  .  A  +  AB  =  A  +  B 

x  v  +  v  B  +  x  B 

n  n 


1  Multiplication  is  accomplished  by  successive  addition  of 
led  partial  products.  Multiplying  a  multiplicand  bv  1/0  is 
equivalent  to  ANDing  the  multiplier  bit  by  all  the  multiplicand 
its.  and  then  adding  the  shifted  partial  products  A  basic  building 
block  is  illustrated  in  Fig.  6.27. 

Since  a  n  bit  by  n  bit  multiplication  results  in  a  2n  bit 
solution,  lie  generally  work  with  registers  as  shown  in  Fig.  6.28. 

Fig.  6.28  shows  a  register  configuration  to  perform 
multiplication,  where  a  register  is  an  electronic  circuit  to  hold 
multiple  bit  data.  Every  time  a  multiplier  bit  (LSB  onwards)  is 
multiplied  with  the  multiplicand,  it  has  no  further  use.  Also,  since 
the  partial  product  is  shifted  by  one  bit,  an  additional  bit  space  is 
generated.  To  reduce  hardware,  the  partial  product  is  shifted  into 
the  multiplier  register  from  MSB  side,  while  LSB  bit  is  lost  and 
does  not  affect  the  circuit  performance  as  its  purpose  has  been  served, 


Bit  of  incoming 
partial  product 


Digital 


j^8  Multiplier 


Fig.  6.28 

The  register  A  is  initially  loaded  with  zero,  and  is  used  to  save  partial  result  subsequently.  Consider 
an  example  for  above  hardware  where  M  =  1 100  and  Q  =  1001.  The  multiplication  steps  are  shown  as 
follows  i.e. 
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c 

0 

0 

A 

0 

0 

0 

1 

Q 

0 

0 

+ 

1 

1 

0 

0 

add  M 

0 

1 

1 

0 

0 

1 

0 

0 

1 

shift  right 

0 

0 

1 

1 

0 

0 

1 

0 

(o>- 

0 

0 

0 

1 

1 

0 

0 

1 

'"'-***  shift  right 

0 

0 

0 

0 

1 

1 

0 

0 

®  . 

shift  right 

0 

0 

0 

0 

1 

1 

0 

0 

1  ^ 

+ 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

add  M 

0 

0 

1 

1 

0 

1 

1 

0 

0 

shift  right 

64 

32 

8 

4 

— 

108 

The  steps  involved  are  to  check  the  LSB  bit  of  multiplier  Q  and  take  the  following  steps  : 

(0  If  Q0  =  0  shift  CAQ  one  bit  right 
..  \ 

(ii)  If  Q0  =  1  add  M  to  A  keeping  new  result  in  A  and  then  shift  CAQ  one  bit  right. 

In  both  cases,  every  time  a  shift  is  performed,  carry  bit  C  is  copied  into  itself. 


6.8.1  Fast  Multiplier : 

As  seen  in  previous  topic  every  multiplier  bit  is 
multiplied  with  the  multiplicand.  Also  the  previous 
technique  fails  if  the  multiplicand  or  multiplier  is 
negative.  This  is  because  partial  product  for  a  negative 
multiplicand  must  be  negative:  One  can  avoid  this 
problem  by  converting  both,  multiplier  and  multiplicand 
to  positive  numbers,  perform  the  multiplication  and 
eventually  take  two's  complement  of  the  result  only,  if 
the  sign  of  the  two  original  numbers  differed.  This  can 
be  achieved  using  a  technique  called  BOOTHS 
ALGORITHM  which  also  speeds  up  multiplication.  The 
flowchart  for  Booths  algorithm  is  depicted  in  Fig.  6.29. 

Consider  an  example  using  Booths  algorithm  as 
shown,  6x5  where, 

M  =  6  =0110 
Q  =  5  =0101 


Fig.  6.29 
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+ 


0 

0 

0 

0 

0 

1 

0 

.1 

V-l 

0 

i 

Initially 

0 

1 

1 

0 

L — 

_ 1 

^A  f-  A  -  M 

1 

0 

1 

0 

0 

1 

0 

1 

0 

Shift 

1 

1 

0 

1 

0 

0 

1 

,0 

1 

0 

1 

1 

0 

l _ 

<r-  A  +  M 

0 

0 

1 

1 

0 

0 

1 

0 

1 

Shift 

0 

0 

0 

1 

1 

0 

0 

1 

_ 2i 

0 

1 

1 

0 

1 

^A  f-  A  -  M 

1 

u 

1 

1 

1 

0 

0 

1 

0 

Shift 

1 

1 

0 

1 

1 

1 

0 

■  0 

1, 

0 

1 

1 

0 

L 

j 

A  +  M 

0 

u 

1 

1 

1 

1 

0 

0 

1 

Shift 

{0 

0 

0 

1 

1 

1 

1 

q, 

0 

16 

8 

4 

2 

=  30 

Four  shifts  as  number  of  bits  in 
multiplier  are  four. 

The  MSB  bit  is  copied  onto  itself 
and  shifted  Q_,  bit  is  always  zero 
initially. 


—  VIVV/UUI 

recoding  table  as  shown  in  : 


Multiplier  bit 
i  i-  1 

Multiplicand  selected  by 

bit  i 

0 

0 

0  X  M 

0 

1 

+1  XM 

1 

0 

-1  XM 

1 

1 

0  X  M 

(i)  Multiplicand  and  multiplier  both  positive  7x3  =  21 


0 

1 

1 

1 

X 

0 

0 

1 

1 

(0) 

1 

1 

1 

1 

1 

0 

0 

1 

1-0 

0 

0 

0 

0 

0 

0 

0 

X 

1  - 1 

0 

0 

0 

1 

1 

1 

X 

X 

0-1 

t£_ 

0 

0 

1 

0 

1 

0 

=  21 

(TWOS  COMPLEMENT  FORM) 
<—  sign  extend  in  logical  1  as 
number  is  negative 


(ii)  Multiplicand  positive  and  multiplier  negative  7  x  -  3  =  21 


0  111 
x  1  1  0  1  (0) 


1 

1 

1 

1 

1 

0 

0 

1 

1-0 

0 

0 

0 

0 

1 

1 

1 

X 

0-1 

1 

1 

1 

0 

0 

1 

X 

X 

1-0 

1 

1 

0 

1 

0 

1 

=  Two's  complement  of  21 

(iii)  Multiplicand  negative  and  multiplier  positive  -  7  x  3  =  -  21 


1 

0 

0 

1 

X 

0 

0 

1 

1 

(0) 

0 

0 

0 

0 

0 

1 

1 

1 

1-0 

0 

0 

0 

0 

0 

0 

0 

X 

1  - 1 

1 

1 

1 

0 

0 

1 

X 

X 

0-1 

.1 

1 

1 

0 

1 

0 

1 

=  Two's  complement  of  21 

<-  sign  extend  to  0  as 
the  original  number  is 
negative 
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(iv)  Both,  multiplicand  and  multiplier  are  negative  -  7x-3  =  +  21 

1  0  0 


X 

1 

1 

0 

1 

(0) 

0 

0 

0 

0 

0 

1 

1 

1 

1  -  0 

1 

1 

1 

1 

0 

0 

1 

X 

0  -  1 

0 

0 

0 

1 

1 

1 

X 

X 

1  -0 

i£_ 

0 

0 

1 

0 

1 

0 

=  +  21 

6.9  Comparator : 


In  many  of  the  applications,  we  would  like  to  compare  two  numbers,  when  we  compare  two  numbers 
say  A  and  B,  there  are  only  three  possibilities  : 

(j)  A  =  B  (ii)  A  >  B  (iii)  A  <  B. 

In  digital  we  have  one  device  which  compare  two  numbers,  named  Magnitude  Comparator.  Why  it  is 
called  as  magnitude  comparator  because  it  basically  compares  value  of  two  numbers.  After  comparing  it 
produces  three  outputs  A  =  B,  A  >  B,  A  <  B,  we  will  just  refresh  concept  by  learning  single  bit 
magnitude  comparator . 


6.9.1  Single  Bit  Magnitude  Comparator  : 

Consider  two,  one  bit  numbers  A  and  B.  The  truth  Table  is  as  shown  in  Table  6.6. 


Inputs 

Outputs 

A 

B 

Ya  =  b 

v 

*  A  >  B 

Y 

1  A  <  B 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

I 

0 

0 

1 

0 

1 

1 

1 

0 

0 

Table  6.6 


K-map  : 


A 
A  0 

A  1 


B 

x  0 

B 

1 

© 

0 

0 

1 

0 

© 

2 

3 

YA=B  =  A  B  ♦  AB 
=  A  ©  B 
=  AOB 


\B  B 
A\  0 


B 


A  0 


A  1 


\B  B  B 
A\  0  1 


o 

O 

0 

i 

A  0 

0 

0 

© 

1 

<\l 

© 

0 

3 

A  1 

0 

2 

0 

3 

ya>b 

=  AB 

ya<b 

=  AB 
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Santc  way  if  wc  proceed  further  for  two,  2  bit  magnitude  comparator  we  have  to  draw  4  variable  K 
map.  For  two,  3  bit  magnitude  comparator,  we  have  to  draw  6  variable  K  map.  So  as  you  go  on  increasing 
bit  one  has  to  lace  difficulty  of  drawing  K  map  diagram. 


Fig.  6.31 

Therefore  we  have  to  go  for  simple  logic.  Recall  basic  fundamental  of  comparing  two  numbers. 

Case  I  :  Let's  say  A  =  (43), 0  and  B  =  (26)]0.  Just  by  looking  to  most  significant  digit  of  A  and  B  i.e. 

4  and  2  respectively,  one  can  conclude  that  A  >  B. 

Case  II  :  Let's  say  A  =  (26)I0  and  B  =  (43)10.  Here  by  checking  MSB  digit  you  can  conclude  A  <  B. 
Case  III :  Let's  say  A  =  (43)]0  and  B  =  (46)H.  Here  as  MSB  digits  are  same  you  switch  over  to  next 
digit  and  will  start  comparing  and  from  that  you  conclude  something.  But  by  chance  next 
_ digits  same,  you  declare  A  =  B.  _ 

Conclusion  :  (1)  MSB  is  decision  maker  if  MSB  of  two  numbers  is  not  same. 

(2)  But  if  MSB  is  equal,  you  switch  over  to  next  digit,  and  will  again  start. 
_ (3)  The  step  2  will  continue  till  you  reach  final  LSB, _ 


Note  :  Remember  basic  equation  for  YA  =  R,  YA  >  B,  and  YA  R. 


Ex.  8  :  Design  two  bit  magnitude  comparator. 

Soln.  :  Sav  Y.  =B  =  xi 

i  Bi 

=  * 

One  can  write  final  equation  of  YA  =  B 

Ya  =  B  =  x,.X(,  [means  A,  =  B,  AND  A0  =  B0] 

ya<b  =  a,b,  +x,ab„ 

/^b,  -»  checking  most  significant  bit  and  derived  from  basic  equation. 

x,  •  A()B0  ->  A,  =  B,  condition  satisfied  AND  Aft  B0  condition  satisfied  So  either  of  the  condition 

satisfies  output  =  1 .  _ _ _ 

Ya,b  =  A,B,  +  \|  •  A0  B0 

We  will  verify  the  result  with  previous  example 

Ya  ^  b  “  xrxo  “  ’  B|)  (A0.Bn) 

Y,\  <  n  “  A | B i  +  (Aj -B i )  At> B(l  -  A j B ,  +  [ A, B j  +  A}B,J  A^B^ 
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=  A,B,  +A1B1A0Bn+A1B,A()B0 

=  B,  [A,  +  +  A,B,  AqBo  (Law A  +  AB  =  A  +  B] 

=  B,|A,  +  AflB()|+A1B]Af)Bn  =  A,B,  +A0B0B,  +AIB]A0B0 
=  A,  [B,  +  B^BJ +A0B0B1  [Law  A  +  AB  =  A  +  B] 
_ ~  A]  [B1  f  Af)  B0)  +  A0B0B, 

l _ r  ~  A]Bj  +  AqA^q  +  AqBjbJ 

Ex.  9  :  Write  Boolean  expression  for  4  bit  magnitude  comparator  circuit. 

Soln-:YA  B'VV,.Xo  where  x,  =  YA  =  B  ;  x2  =  YA  __  B 

3  3  2  2 

Ya<  b  =  A,B3  +  x3A2B2  +  Xj.Xj.AjB,  +  x3.x2.x,  \  B0 

Ya>d  =  a3B3  +  x3  A2B2  +  x3.x2  A,B,  +  x3.x2.x,.A0B0 

To  make  our  task  easy  for  composition,  we  liave  MSI  chip  7485. 


6.9.2  1C  7485  -  4  bit  Magnitude  Comparator : 


It  is  feasible  to  implement  two  or  more  variable  magnitude  comparator  using  logic  gates.  We  therefore 
use  MSI  chip  7485  (4  bit  magnitude  comparator). 

Feature : 

(1)  Compares  straight  binary  or  BCD  codes  (4  bit). 

(2)  Outputs  three  lines,  which  indicate  A  =  B,  A>BorA<B. 

(3)  Typical  power  dissipation  275  mco. 

(4)  Typical  delay  (4  bit  words)  23  r|  sec. 

Pin  configuration  of  the  chip  is  as  shown  in  Fig.  6.32. 


Data  inputs 


> -  -\ 


A=B 

^A>B 

'a<b 


(a) 


Fig.  6.32 


(b) 
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Pin  Names  and  Functions  : 


— _  Fin  Names 

Function 

A0  -  A 3 

Bo  -  B_, 
Cascade  A  =  B 
Cascade  A  <  B 
Cascade  A  >  B 

Output  A  =  B 
Output  A  >  B 
Output  A  <  B. 

Biliary  Input  (operand  1)  Active  HIGH 

Binary  Input  (operand  2)  Active  HIGH 

These  three  lines  arc  used  for  cascading  'N' 
number  of  7485.  Lines  are  input  to  the  chip 

Output  of  previous  stage  is  fed  as  input  to  this  stage. 

These  three  arc  final  output  from  the  chip 

When  7485  arc  cascaded,  these  outputs  arc  given 
to  cascading  input  of  next  stage  (Active  HIGH) 

The  truth  tabic  is  as  follows  : 


Comparing  Inputs 

Cascading  In 

ruts 

Outputs 

A3,  b3 

a2,  b2 

A 

P  B1 

A 

o’  B0 

>  B 

U<B 

*A=B 

YA>B 

YA<B 

ya=b 

a3>b, 

X 

X 

X 

X 

X 

X 

H 

L 

L 

^ 3  <Bj 

X 

X 

X 

X 

X 

X 

L 

H 

L 

m 

PQ 

II 

< 

a2  >  b2 

X 

X 

X 

X 

X 

H 

L 

L 

A;  =  B, 

A2  <  b2 

X 

X 

X 

X 

X 

L 

H 

L 

A  3  =  B3 

a:  =  b2 

A, 

X 

X 

X 

X 

H 

L 

L 

a3  =  B, 

A2  —  b2 

A, 

<B, 

X 

X 

X 

X 

L 

H 

L 

PQ 

II 

r+ 1 

C 

A 2  ~  B2 

A, 

=  B] 

Ao 

>B0 

X 

X 

X 

H 

L 

L 

A  3  =  B3 

At  =  Bt 

A, 

=  B, 

Ao 

<B0 

X 

X 

X 

L 

H 

L 

a3  =  b3 

A-,  =  Bt 

Aj 

=  6, 

Ao 

=  B0 

H 

L 

L 

H 

L 

L 

A]  “  B3 

a2  =  b2 

A, 

=  5, 

Aq 

=  B0 

L 

H 

L 

L 

H 

L 

A.  =  B, 

a2  =  b2 

A, 

=  B] 

Ao 

=  B0 

L 

L 

L 

H 

H 

L 

> 

ti) 

II 

CO 

A,  =  B2 

A, 

=  B] 

Ao 

=  B0 

X 

X 

H 

L 

L 

H 

A  5  =  B3 

a2  =  b2 

A, 

=  Bj 

Aq 

=  B0 

H 

H 

L 

L 

L 

L 

Table  6.7 


The  function  tab 

e  is  as  shown  in  Table  6.8. 

Comparing  inputs 

Cascading  inputs 

Outputs 

I A  <  u 

-  » 

^A  >  11 

V 

1  A  -  B 

Y 

XA>  B 

A  <B 

X 

X 

X 

1 

0 

0 

CQ 

II 

< 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

X 

I 

X 

0 

1 

0 

A  >  B 

X 

X 

X 

0 

0 

1 

Table  6.8 
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- - - - - - - - - 

correspond! S,atCS  tlU1t  if  *a  <n  or  *A  >  b  is  at  logic  1  and  other  two  cascading  inputs  at  logic  0,  then 
irresnectiv  "'r  ?UtpUt  wdl  bc  acdvc-  In  casc  A  =  B,  then  output  will  be  true  only  is  IA  =  B  1S  at  lo8ic  1 

”  Co1  the  other  two  inputs 

General  Description  : 

decoded  deefsinn^K*111^  co.mParator  perform  comparison  of  straight  binary  or  BCD  codes.  Three  full 
outputs  (Y  y*  3 10Ut  ^  ^  words  (A0  -  A3,  B0  -  B3)  arc  made  and  are  externally  available  at  three 

gates  Wo  ds  ^ '  A  >  <  ^1CSC  dcv'ccs  arc  fully  expanded  to  any  number  of  bits  without  external 

lines  I.  i  krcatcr  length  may  be  compared  by  connecting  comparator  in  cascade.  For  cascading,  input 
to  cascading  'inputs"  A  <  ?  ^  pr°vidcd-  Ya  =  b-  ya  >  b  and  ya  <  b  of  previous  stage  should  be  connected 
h;,„  „  .  a  =  b*  a  >  b  al|d  IA . respectively.  Normally  previous  slave  handles  lower  significant 

otts  and  next  stage  handles  more  significant  bits. 

Refer  Table  6  7  ^  d^Pcrent  configuration  of  IC  7485,  let's  study  truth  Table  and  functional  Table. 

^  <  g  '  '  As  shown,  MSB  is  compared  first  i.e.  A3  and  B3.  Depending  upon  A3  >  B3  or 

win  tPUt  Ya  >  b  or  Ya  <  b  arc  active.  But  if  A3  =  B3,  chip  will  compare  A,  and  B,.  If  A,  =  B,,  it 

compare  A,  and  B,.  If  A,  =  B„  it  will  compare  A0  and  B0.  Now  if  A0  =  B0,  then  A3  A2  A,  A3  =  B3 
B2BlBo,  so  now  chip  checks  cascading  inputs  U  IA>B,  ,A  =  B  and  IA<B 

e  there  are  two  cases,  i.e.  if  cascading  inputs  are  driven  by  previous  stages,  then  no  problem.  But  if 

described^  as*  foil  Switfes  t0  cascadin«  inPut  and  try  to  'FOOL'  chip  then  response  given,  will  be 

ovvs-  a  <  b  1  and  IA  =  b>  IA  >  B  =  0,  then  case  is  previous  stage  indicates  that  in  least 
significant  bit  A  is  less  than  B. 

If  *A  >  b  -  1  and  {a  =  b  ’  *a  <  b  =  0  t,len  case  is  previous  stage  indicates  that  in  least  significant  bit  A  is 
greater  than  B.  If  IA  =  B  =  1,  then  chip  will  not  check  for  I 

significant  bits  in  previous  stage  are  equal. 

But  if  IA  >  b  >  *a  <  b  =  1  and  IA  =  b  =  °>  then  you  are  informing  chip  that  A  is  greater  than  B  as  well 
as  A  is  less  than  B.  Now  one  cannot  think  of  such  situation.  Secondly  if  I 

means  you  are  informing  cliip  that  neither  of  the  condition  is  true.  This  is  again  impossible. 

Then  here  chip  will  also  Idol  you  i.e.  if  you  apply  IA  >  B  =  IA  <  B  =  1  and  lA  ,  B  =  0,  then  chip  given 

you  output 


a  >  b  and  *a  <  b  and  concludes  that  least 


a  >  b  I  a  <  b  Ia  =  b  “  t), 


you  output  IA  >  B  IA  <  B  fA  =  b  And  ,f  you  apply  IA  >  B  -  IA  <  B  =  IA  =  B  =  o,  chip  gives 


I 


A  >  B 


I 


A  <  B 


“  ‘  w  n  -  o  7 - r  O  *  J  vu  VUl^Ul 

>  ^a  <  b  ~  *  and  ^a  =  b  —  t).  So  if  you  observe  the  situation  IA  _  B  remains  at  'O'  logic  and  I  and 
are  'complemented'  and  given  as  an  output.  A  >  B 


Note  :  This  output  is  also  important  i.e.  IA  >  g  =  lA  <  B  =  'O'  or  '1'.  This  will  help^s  ^rtoTin^lement  5  bit 
_ comparator  using  single  chip. _ _ _ _ 


Ex.  10  :  Design  8  bit  comparator  using  IC  7485. 

Soln.  :  The  circuit  for  the  8  bit  comparator  is  shown  in  Fig.  Ex.  6.10. 

(1)  As  shown  in  Fig.  Ex.  6. 10  operand  1  (X0  -  X,)  and  operand  (Y0  -  Y7)  are  applied  to  magnitude 
comparator  for  comparison. 

(2)  Cascading  outputs  of  7485,  is  given  to  cascading  inputs  of  7485,  ieYt  „  Y  and  V  „r 

r  j  .  i  i  *’A>B*  *A“B  a,lu  1 A  <  R 

7485 „  is  interfaced  to  1A > B,  IA  =  B  and  IA<B. 

(3)  Final  output  is  taken  front  7485,. 
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.•  Fig.  Ex.  6.10 

ra  ion  .  When  operand,  and  opcranc^  is  applied. 

2  W*I1  start  comparison  of  A3  and  B3  i.e.  X7  and  Y7  respectively.  X7  and  Y7  arc  MSB  bit  of 
operand. 

(2)  As  we  know  if  A3  =  B3,  7485,  will  switch 
B,  and  so  on. 


over  to  A2,  B2.  If  Aj  =  B2,  it  will  switch  over  to  A, 


(  )  A3  A0  B3  B0  (i.e.  X7  X4  -  Y7  -  Y4)  of  74852,  then  finally,  chip  will  check  cascading 
inputs.  Cascading  input  to  this  chip  is  nothing  but  output  of  7485,. 

(  )  ow  7485,  will  execute  the  step  1  and  2  same  as  that  followed  by  74852.  But  here  comparison  is 
made  between  X3  -  X0  and  Y3  to  Y0. 

^  ^  ^  A3  Ao  ~  (*e-  x3  -  X0  -  Y3  to  Yq)  of  7485,,  then  7485,  will  check  cascading 

inputs.  Now  here  important  point  is  As  7485 ,  is  LSB  chip,  we  have  to  adjust  logic  level  at 

cascading  input  is  such  a  way  that  it  should  declare  A  =  B. 

This  statement  is  valid  only  when  chip  has  LSB  input.  Referring  to  function  (or  truth  Tabic)  we 

conclude  that  if  IA  =  B  =  1  and  IA  >  B  =  IA  <  B  =  X,  chip  will  give  output  YA  „  n  =  1 

I  =  I  =  n  A  U 

1a  >  b  1a  <  b  V- 

•*•  In  circuit  diagram,  IA  =  B  =  1  =  Vcc  and  IA  >  B  =  IA  <  B  =  0  =  GND. 


Ex.  11  :  Design  5  bit  magnitude  comparator  using  magnitude  comparator  chip  (7485). 

Soln.  :  We  know  by  now  that  output  of  a  comparator  is  based  on  the  data  inputs  as  well  as  cascading 
inputs.  Also,  comparison  always  begins  from  MSB  bit.  As  only  four  bits  are  available  per  variable,  we 
accommodate  the  fifth  bit  for  A0  and  B0  i.e.  LSB’s  on  IA  >  D  and  IA  <  B  inputs.  This  leaves  with  IA  „ 

whose  connection  can  be  found  out  based  on  function  Table. 


Comparing  inputs 

Cascading  Inputs 

Outputs 

^A  <  H 

*A  -  B 

^A  >  B 

v 

*  A  <  B 

Y 

*A-B 

Y 

*A>B 

(a) 

0 

0 

0 

1 

0 

1 

A  =  B 

(b) 

0 

0 

1 

0 

0 

1 

(c) 

1 

0 

0 

1 

0 

0 

(d) 

1 

0 

1 

0 

0 

0 

(c) 

X 

1 

X 

0 

1 

0 

Table  3 
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Condition  (c)  is  ruled  out  as  it  always  indicate  YA  =  B  =  1. 

Tlic  other  eases  imposes  a  condition  that  IA  =  B  must  be  ground. 

Cases  (b)  and  (c)  gives  true  output  However  for  ease  (a)  and  (d),  output  YA  =  B 
This  can  be  implemented  by  considering  that 
Cascading  Input 


(a)  @ 

(d)  © 

© 

Grounded 

Arithmetic  Circuit 


must  be  at  logic  1. 


Output 


Not  used 


Since  output  YA  =  B  cannot  be  used,  we  design  a  new  output  for  A  =  B  as  a  function  of  YA  <  B  and 
VA  >  B  i.c.  when  YA  >  B  =  YA  ,  B  =  -O’  or  T,  output  YA  =  B  =  1. 


Input 

Output 

Y 

1 A  >  B 

Ya<b 

Ya  =  b 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

1 

K  map  : 


Fig.  Ex.  6.11 

Ya  =  b=  Ya>b  ya<b  +  ya<d  ya>b  -  ya>b  oya<b. 

/.  Final  circuit  diagram  is  as  shown  in  Fig.  Ex.  6.1 1(b). 

Ex.  12  :  Design  24  bit  magnitude  comparator  using  minimum  magnitude  comparator  chips  (7485). 
Soln. :  Refer  Fig.  Ex.  6.12 
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Fig.  Ex.  6.12 

Here  we  can  cascade  six  chips.  But  the  problem  is  of  propagation  delay,  therefore  circuit  is  bit  slower. 
The  24  bit  input  is  fed  to  five  comparators,  since  there  are  only  20  inputs  per  variable  the  remaining 
four  are  accommodated  as  explained  in  previous  problem.  This  connection  is  not  done  for  LSB  nibble 

comparator. 
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— Examples  from  University  Papers 


xplain  nothing  of  carry  look  ahead  adder  and  give  its  advantage 


age. 


(May  96,  Dec.  96,  Dec.  97,  6  Marks) 

Ans..  Refer  Section  6.2.3,  Page  6-5  to  6.7,  till  Fig.  6.9  only. 

2-  Implement  8-hit  adder  using  4-hit  full  adder.  (June  99,  6  Marks) 

Ans.:  Refer  Ex.  3  on  Page  6-9, 

plcmcnt  a  2  bit  adder  to  add  two  2-  bit  numbers,  A  =  AjA0  and  B  =  BjB0,  using 
minimum  number  of  half  adder  blocks.  (June  99,  6  Marks) 

,  ,AlS  ^1C  numbers  are  A  =  AjA0  and  B  =  B,Bn  therefore  output  will  be  sum  1  (SO,  sum  0 

(^o)  and  Cany  (C). 


+ 

Carry— >  [c] 


A, 

Bi 

Co 


Ao 

B0 


Si  S0 

As  half  adder  has  2  inputs  A,  B  and  2  outputs  sum  (S)  and  carry  (C). 
Its  truth  table  is 


S  =  A  ©  B 
C  =  A  •  B 


Truth  Table  1 


Input 

Output 

A 

B 

s 

c 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

Using  above  equation  we  can  design  half  adder  as  follows  : 


Block  diagram 
of  Half  adder 


Fig.  Q.  6.3  (a) 
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Block  diagram  of  2-bit  adder  using  half  adders  : 


Br 


B, 


} 


} 


Arithmetic  Circuit 


'1  +  °2 


Fig.  Q.  6.3(b) 

Step  1  :  Wc  can  say  A0  +  B()  gives  S0  and  cam'  C0. 

So  =  A0  ©  B0 
co  =  Ao  ' 

Step  2  :  C0  is  added  to  A,. 

C0  ®  Aj  =  A2  ->  Sum 
C0  ■  Aj  =  Cj  ->  Carry 
Step  3  :  Now  sum  of  second  half  adder  A2  is  added  to  bit  Bt  and  cany  C2  is 

A2  ®  B,  =  Sj - >  Sum  1 

A2-Bi  =  C2 - >  Carry 


...(1) 


Putputs  of  Second  half  adder 


Tltird  half  adder 


•  •(2) 


Step  4  :  Now  earn'  of  third  half  adder  C2  is  added  to  carry  of  second  half  adder  Cj  which  gives  final 
;arry  C. 

C,  +  C,  =  C  - >  Cam  ..  (3) 


Diagrammatic  representation  of  2-bit  adder  using  half  adders  and  gates  is  as  follows  : 
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First  half  adder 
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Arithmetic  Circuit 


Second  half  adder 
Fig.  Q.  6.3(c) 


Third  half  adder 


□  □□ 
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Syllabus :  "  "  "  " 

_ Multiplexer,  Demultiplexer,  Decoder,  Encoder,  Priority  encoder. 


Name  of  the  Topic 

Section 

number 

Theory 

— i 

1 

Problems 

•  Multiplexer 

7.2 

y 

y 

•  Demultiplexer 

7.3 

y 

y 

°  Decoder 

7.4 

y 

y 

•  ALU 

7.5 

y 

y 

|\^  Encoder 

7.6 

y 

y  ^/\ 

Comments 

o  Full  chapter  is  important. 

»  Concentrate  on  decoder  because  most  widely  used  in  microprocessor. 

•  MUX  /  DEMUX  pair  normally  used  in  communication  system. 

•  ALU  used  in  CPU  (Central  processing  unit) 

_ J 


( 

\ 
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dcscrintio  .^a^cr  "  c  arc  £°*ng  to  learn  about  multiplexer,  demultiplexer,  encoder,  decoder  and  ALU.  The 
11  ls  as  fo,1ows  in  next  section. 

7’2  Multiplexer  (Data  Selectors'  • _ _ 


UPfroductionn 

widf'ixr  iP‘CXCr  °r  ^a,a  sc^cctor  is  very  popular  and  most 
0  '  SC  combination  circuit.  It  lias  multiple  inputs  and 

utpnt.  i.c.  it  accepts  several  data  inputs  and  allows 
y  one  of  them  AT  A  TIME  to  get  through  to  the  output. 
qpt  desired  data  input  to  output  is  controlled  by 

T  LINES.  The  Fig.  7.1  shows  generalized  block 

schematic  of  multiplexer. 

The  multiplexer  acts  like  a  digitally  controlled 
multiposition  switch.  In  this  case  SELECT  LINES  will 
decide  which  data  inputs  (DN  _  j  -  D0)  will  appear  over 

output.  In  short,  multiplexer  selects  1  out  of  N  input  data 
sources  and  transmits  selected  data  to  single  output  channel. 
This  is  called  multiplexing.  ■ 


Select  lines 


Fig.  7.1 


Basic  2  Input  Multiplexer 


2:1 


Fig.  7.2 

Here  basic  concept  is,  we  are  going  to  use  AND  gate  as  ’GATING'  device.  AND  gate  OPENS  gate 

when  its  one  of  the  input  is  at  logic  T,  AND  gate  CLOSES  gate  when  its  one  of  the  input  is  at  logic  ’O'. 
Therefore  one  line  to  AND  gate  is  data  inputs  i.e.  Dn  -  D,.  Now  depending  upon  'Address’  of  select  lines 

or  status  of  select  lines,  one  lias  to  generate  logic  T  so  that  only  that  particular  gates  allows  particular  bit 

to  propagate  through  it. 
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we  want  to  pass  D()  bit,  put  S0  =  0,  therefore,  AND  I  will  get  enabled  and  AND2 


,s  disabled  givinn  AMm  -  --- 

=  if  D.  =  |  OIn  .  °U,put  =  °-  But  ANDI  Ka,c  is  open.  Therefore  if  D0  =  0  OR1  gives  final  output 
f>ncs  final  output  =  1.  Thus  ANDI  acts  as  transparent  gate. 

output  through  OR\  S° *’  ANDI  'S  dls,',blcd'  AND2  *s  enabled.  Thus  D,  bit  status  is  passed  on  to  final 

nnd  mux  is  mniimi  nuilt'p,cxcr  can  be  named  as  2  :  1  mux,  where  2  is  input  lines,  1  is  output  line 

f  multiplexer.  Let's  sec  4  :  1  circuit. 

control  to  ctnhlo/H^M^0  ,ntr°duccd  onc  morc  terminal  i.c.  E.  E  stands  for  'enable,'  This  pin  is  master 
cnablc/disablc  multiplexer.,  E  =  1  ->  enabled.  E  =  0  — >  disabled. 


Lei's  see  the 


Same  way  you  can  also  have  8:1,16:1  multiplexer.  The  only  change  will  be  no.  of  select  lines  will 
Increase  and  data  lines  will  increase.  The  relationship  between  select  lines  and  inputs  is  given  by  n  -  2m 
where,  ni  =  number  of  select  lines;  n  3  Number  of  data  inputs.  - - ‘ 
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74152 


Function 

J 

16:1  MUX 

Inverted  output 

8 :  1  MUX 

Inverted  output 

Quad  2  :  1  MUX 

O/P  same  as  input 

Quad  2  :  1  MUX 

Inverted  output 

~  j.  t  .  i  ivmja  uainy  iNnnu  ydic  uiny  impui  nonvc  ). 

Soln,  •  To  i 

This  will  cs,^n  a  circuit  using  NAND  gates  wc  replace  all  AND  gates  in  Fig.  7.3  by  NAND  gates, 
ic  c-u  ma^C  **,C  ^  ®atc  an  'nPut  bubbled  OR  which  is  equivalent  to  a  NAND  gate.  "Die  logic  diagram 

>s  shown  in  Fig.  Ex.  7.1  (a). 


\^Ex.  2  :  Draw  8  :  1  Multiplexer  using  logic  gates  along  with  its  truth  table. 
Soln.  :  Fig.  Ex.  7.2  (a)  shows  8  :  1  multiplexer  using  logic  gates. 


Input 

Output 

s2 

Si 

So 

Y 

0 

0 

0 

D0 

0 

0 

1 

D, 

0 

1 

0 

d2 

0 

1 

1 

D, 

1 

0 

0 

d4 

1 

0 

1 

Ds 

1 

1 

0 

d6 

1 

1 

1 

d7 

Truth  Table  1 
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Fig.  Ex.  7.2  (a) 


Multiplexer  can  be  also  used  to  implement  Combinational  logic  circuit  (SOP  FORM).  This  leads  to 
minimum  and  organised  hardware.  Let's  solve  some  examples. _ _ _ _ 

■  J*- 3  . 


Implement  following  function  using  8  :  1  multiplexer. 
f  =  Zm(0,  2,  3,  5,  7). 


Soln.  : 

(1)  Function  specifies  mintenns 

(2)  There  are  total  three  variable  A,  B,  C  because 
maximum  minterms  given  is  7,  which  requires 
three  variables  to  represent  in  the  binary. 

Also  being  SOP  form,  output  should  be  at  logic  1 
for  the  given  mintenns.  The  circuit  diagram  is  shown  in 
Fig.  Ex.  7.3  (a). 
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Soln. : 


Implement  full  adder  circuit  using  8  :  1  MUX. 
1  hith  tabic  for  full  adder  is  as  follows  : 


7-6 _ Multiplexer,  Demultiplexer,  ALU,  Encoderr  Dprr.HQr 


I  /  p 

0  /  P 

a  n 

B 

c 

Sum  (S) 

Carry 

0 

0 

0 

0 

0 

0 

0 

1 

.1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

Co 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

Table  2 


The  circuit  is  shown  in  Fig.  Ex.  7.4.. 


vcc 


Fig.  Ex.  7.4 


l/Ex.  5  :  Implement  a  16  :  1  MUX  using  8  :  1  MUX. 

Soln.  ;  This  problem  asks  for  cascading  the  multiplexer.  Cascading  takes  care  of  the  fact  that  MSB  bit  is 
always  zero  for  first  half  of  the  minterms,  and  logic  1  for  the  remaining  half.  The  MSB  bit  is  therefore 
connected  to  enable  input  of  MUX.  The  remaining  lines  are  connected  to  SELECT  lines.  Refer  Fig.  Ex. 
7.5  (a) . 


In  Fig.  Ex.  7.5  (a)  A,  B,  C,  D  are  used  to  select  any  input  line.  A  =  MSB  and  D  =  LSB.  A  is  going 
to  enable  /  disable  multiplexer.  When  A  =  0,  upper  multiplexer  will  be  enabled,  therefore  inputs  of  upper 
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- -  1X1  Celled  Irom  D0  to  D?.  When  A  -  1,  lower  multiplexer  is  enabled  and  therefore  inputs  of  lower 

to  D|y  The  total  combined  gives  us  Dn  to  D,v  The  output  of  two  MUX  is 


MUX  arc  labelled  as  D„ 
..  logically  ORcthN  * 


0 


\N 


MSB 

select 

lines 


O 


Dc 

D, 

Da 

Do 


Ds- 

d6- 

d,- 


~ t>°“ 


Dn 


D 


'lo¬ 

ir 


'12- 


D 


13' 


D 


'14- 

15- 


Do 

D, 

d2 

d3 

d4 

°5 

d6 

D7 


E  S2  S, 


8  :  1 
MUX 


Dr 


d5 

d6 

d7 

E 


S2  si  s0 


8  : 1 
MUX 


0 


h 


T)y 


n 


/■ 


^Dr7*Y 


rO  1 


V'- 


Fig.  Ex.  7.5  (a)  :  Cascading  multiplexer 


Ex.  6  :  Construct  16  :  1  MUX  using  4  :  1  MUX  (s). 

Soln.  :  As  we  want  to  implement  16  :  1  MUX,  we  require  4  select  lines.  4  :  1  MUX  has  only  rwo  select 
lines.  The  configuration  or  implementing  circuit  is  shown  in  Fig.  Ex.  7.6  (a). 

As  shown  S,  S0  lines  of  MUX,  2  3  4  are  tied  together  and  given  C  and  D  inputs.  Here  we  are  using 
ABCD  i.e.  four  variables,  where  A  =  MSB  and  D  =  LSB. 

When  A  =  0,  B  =  0.  D0  line  of  MUX5  will  be  selected.  Now  toggle  CD  from  (00)2  to  (11)2>  this  will 
select  D0,  D,,  D2,  D3  of  MUX,.  As  A  =  0,  B  =  1,  D,  line  of  MUXS  will  be  selected. 

Now  toggle  CD  from  (00)2  to  (1 1)2,  this  will  select  D4,  D5,  D6,  D7  of  MUX^ 

Now  change  A  =  1,  B  =  0  and  finally  A  =  1,  B  =  1,  this  will  select  MUX3  and  MUX4  respectively. 

Table  3  shows  O/P  selected. 
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Ti 

c 

O,  (  f). 


1 


a 


Fig.  Ex.  7.6  (a)  :  MUX  using  4  :  1 


Decimal 

Inputs 

Output 

A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

D0 

1 

0 

0 

0 

1 

Dl 

2 

0  . 

0 

1 

0 

d2 

3 

0 

0 

1 

1 

d3 

4 

0 

1 

0 

0 

d4 

5 

0 

1 

0 

1 

D5 

6 

0 

I 

1 

0 

d6 

7 

0 

1 

1 

1 

d7 

_ 

8 

1 

0 

0 

0 

•  DS 

— V 

9 

1 

0 

0 

1 

d9 

10 

1  • 

0 

1 

0 

D10 

1  I 

1 

0 

1 

1 

Dll 

12 

1 

1 

0 

0 

Dj2 

13 

1 

1 

0 

1 

D,3 

14 

1 

1 

1 

0 

Dl4 

15 

1 

1 

1 

1 

Dl5 

Table  3 


MUX! 

selected 


mux2 

selected 


mux3 

selected 


mux4 

selected 
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select  lines'  -  S°^cc*  cxaniples  and. in  that  wc  have  taken  very  simple  criteria  into  account  i.e.  number  of 
more  than  n,lin^cr  variables.  But  it  is  also  possible  to  implement  a  function  having  ’One  variable 
Unction  hayC  ^  ^nCS‘  *  c‘  we  *iavc  8  :  1  MUX  having  3  sdjlcct  lines,  but  we  can  implement  minterm 

- ‘ %  ln^  states  containing  four  variables.  Let's  solve  example  to  understand  the  concept. 

~ - - - 


Soln. 


Implement  following  functions  using  8  :  1  MUX  : 

/h!  F  T  f  (A'  B’  C’  =  (2,  4'  5l  7’  10’  14'  - 

’  F  “  f  (A,  B,  C,  D)  =  Xm  (0,  2,  4,  6,  8,  10,  12,  14). 


(a)  (1)  Given  function  has  four  variables  A,  B.  C,  D. 

(2)  Minterm  numbers  where  O/P  required  is  logical  T,  are  2,  4,  5,  7.  10,  14. 

(3)  We  have  8  :  1  MUX,  which  has  three  select  lines  S2,  S,,  S0. 

(4)  Therefore  S2,  S,,  S0  will  be  connected  to  B,  C,  D  input  variables. 

(5)  To  introduce  fourth  variable  (select  line)  we  use  design  table. 

(6)  Since  there  are  only  eight  inputs  lines,  we  have  to  accommodate  the  minterms  in  two 
rows  of  eight  each  (total  16  minterms  for  4  variables),  in  design  table.  Design  table  is  as 

shown  in  TqKIo  A 


Inputs 

Do 

D, 

d2 

D, 

d4 

D< 

d6 

°7 

*  A 

0 

1 

2 

3 

4 

5 

6 

7 

A 

8 

9 

10 

11 

12 

13 

14 

15 

Final  I/P  to  MUX 

* 

Table  4 


Table  5  shows  generalized  structure. 

(b)  Now  you  have  to  encircle  the  terms  specified  by  the  function  i.e.  2,  4,  5.  7,  10,  14  in  the 
design  table. _ ' 


Inputs 

D0 

D, 

d2 

D3 

d4 

d5 

d6 

d7 

A 

0 

1 

© 

3 

© 

© 

6 

A 

8 

9 

© 

11 

12 

13 

© 

15 

Final  I/P  to  MUX 

Tabled 

After  encircling  the  required  minterm  you  would  like  to  fill  the  row  having  heading  Final  I/P  to 
MUX.  For  that  you  have  to  follow  some  standard  rule  which  are  as  follows  : 

(1)  If  all  the  minterms  in  column  are  circled,  put  a  logic  1  below  i.e.  at  Final  I/P  to  MUX  row.  It 
means  that  output  must  be  at  logic  1,  if  either  of  the  minterm  is  selected. 

(2)  If  in  column,  only  top  row  minterm  is  circled,  then  being  amongst  lower  16  minterms,  its  MSB 

bit  must  be  at  logic  'O'  i.e.  variable  A  must  be  ground.  Therefore  A  is  selected. 

(3)  If  in  a  column,  only  bottom  row  minterm  is  selected  or  circled,  then  being  amongst  upper  16 
minterms,  its  MSB  must  be  at  logic  1  i.e.  variable  A  must  be  Vcc.  Therefore  A  is  selected  instead 

of  a 
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T  f 

none  of  the  inintenns  in  a  particular  column  arc  selected,  put  logic  'O'  below  i  e.  output  must  be 
logic.il  0  as  there  inintenns  arc  not  a  part  or  SOP  expression 


r - — Ll — ■jn.iiiv  the  table  will  be  as  follows  : 

Inputs 

Pq 

P, 

P2 

P.1 

d<  d6 

P7 

A 

0 

1 

Q 

3 

©  ©  6 

© 

- - A_ 

_ 8_ 

9 

Q 

1 1 

bo 

LO 

© 

15 

_ Fmal  I/p  to  MIJX 

0 

0 

1 

0 

A  A  A 

_ A_  _ 

Table  6 

The  circuit  diagram  is  shown  in  Fig.  Ex.  7.7  (a). 


Fig.  Ex.  7.7  (a)  :  Circuit  diagram  Fig.  Ex.  7.7  (b)  :  Circuit  diagram 


(l)j  The  design  table  for  this  problem  is  shown  in  Table  7. 


Inputs 

Po 

p. 

P2 

Pi 

»4 

P< 

P* 

P7 

A 

© 

1 

© 

3 

© 

5 

© 

7 

A _ _ 

© 

9 

.  ©  . 

11 

© 

13 

15 

Final  I/P  to  MUX 

1 

0 

1 

0 

1 

0 

- - - 

1 

0 

Table  7 


The  circuit  diagram  is  shown  in  Fig  Ex  7  7  (b) 


Ex.  8  :  Implement  following  function  using  16  1  MUX 

F  (A,  B,  C.  D,  E)  =  Im  (2,  4,  5,  7,  10,  14,  15,  16,  17,  25.  26,  30,  31) 

Soln. :  Given  five  variable  function  is  to  be  implemented  using  16  1  MUX  74150.  74150  has  only  four 
select  lines.  Therefore  we  have  to  introduce  one  more  vanablc  (or  select  line)  To  achieve  this  we  design 
Table  8. 
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Ex.  S  :  Realise  the  following  expression  using  16  :  1  MUX. 

F  =  f(A,  B,  C,  D,  E)=Zm(1,  9,  10,  12,  18). 

Soln.  :  Form  design  table  first. _ 


Inputs 

Do 

D, 

d2 

d3 

d4 

d5 

d6 

d7 

D* 

d9 

D,0 

Du 

Du 

Du 

D,5 

A 

®  © 

2 

3 

4 

5 

6 

7 

8 

@  © 

11 

© 

13 

14 

15 

A 

16 

17 

© 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Final  I/P  to 
MUX 

0 

A 

A 

0 

0 

0 

0 

0 

0 

A 

A 

0 

A 

0 

0 

0 

Tabic  9 


Given  a  16  :  1  MUX  whereas  mintcrm  18  requires  five  variables.  Now  draw  circuit  diagram. 
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(ii)  all  8  :  1  MUX 

(iii)  all  16  :  1  MUX 


Soln.  :  Design  table  will  be  as  shown  in  Table  10  : 

To  incorporate  variable  A  we  design  the  circuit  as  shown  in  Fig.  Ex.  7.10(a). 


f 

Inputs 

l _ _ _ _ 

j  Do 

D, 

°2 

1*3 

d4 

d5 

D6 

d7 

d9 

D10 

Dn 

Du 

D,3 

Du 

Dl5 

- 

A 

J© 

© 

@ 

© 

4 

5 

© 

7 

® 

© 

® 

11 

12 

© 

14 

© 

A 

16 

© 

18 

19 

© 

21 

22 

23 

@ 

25 

26 

27 

28 

29 

® 

31 

J  Final  UP  to 
|  MUX 

A 

1 

A 

A 

A 

0 

A 

0 

1 

A 

A 

0 

0 

A 

A 

A 

Table  10 


(i)  Use  all  4  :  1  MUX  : 

We  have  already  constructed  16  :  1  MUX  using,  4  :  1  MUX  (Ex.  6).  Using  16  :  1  MUX  you  can 
implement  function  having  32  states  (0  to  31) .  The  circuit  is  shown  in  Fig.  Ex.  7.10  (a). 
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Fig.  Ex.  7.10  (a) 

(ii)  Using  8  :  1  MUX  : 

We  will  first  construct  16  :  1  using  8  :  1  MUX,  and  then  apply  the  design  table  of  Table  10. 


©- 


A - f- 


©“? 


B - f 


E 


8 : 1 
MUX 


“3 


S2  o1 


S.  Sn 


Z  A 


D- 

E- 


So  Si  Sn 


8:1 

MUX 


d7 

E 


Fig.  Ex.  7.10  (b) 


"TV 

— y  S  Output 
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Digitaj _ 

(»i)  Using  16  :  1  MUX  : 

Since,  it  already  lias  16  inputs  (4  variables)  we  introduce  fifth  MSB  variable  A  at  input  as  shown 
m  Fig.  Ex.  7.10  (c). 


B  C  D  E 


Ex.  11  :  A  chemical  reactor  has  three  sensors  indicating  the  following  conditions  : 

(i)  Pressure  (P)  is  'low'  or  'high'.  (ii)  Temperature  (T)  is  'low'  or  'high' 

(iii)  Liquid  level  (L)  is  'low'  or  'high 

H  has  two  controls  :  Heater  (H)  which  is  either  ON  or  OFF  and  an  inlet  value  (V)  which  is 
either  OPEN  or  CLOSED.  The  controls  are  operated  as  per  table  shown. 

(a)  Using  the  convention  HIGH  =  1,  LOW  =  0,  ON  =  1. 

OFF  =  0,  OPEN  =  1  and  CLOSED  =  0,  draw  the  Karnaugh  maps  for  H  and  V. 

(b)  Obtain  the  minimal  SOP  and  POS  expressions  for  H  and  V. 

(c)  Realize  the  logic  H  and  V  using  two  4  -  input  multiplexers  with  T  and  L  as  control  inputs. 
Use  T  as  MSB. 


Inputs 

Outputs 

P 

T 

L 

H 

V 

LOW 

LOW 

LOW 

OFF 

OPEN 

LOW 

LOW 

HIGH 

ON 

CLOSED 

LOW 

HIGH 

LOW 

OFF 

OPEN 

LOW 

HIGH 

HIGH 

OFF 

CLOSED 

HIGH 

LOW 

LOW 

ON 

OPEN 

HIGH 

LOW 

HIGH 

ON 

CLOSED 

HIGH 

HIGH 

LOW 

OFF 

CLOSED 

HIGH 

HIGH 

HIGH 

X 

X 

X  system  shut  down. 
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Inputs 

Outputs 

P 

T 

L 

H 

V 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

1 

X 

X 

Table  11 


Since  there  are  eight  input  conditions  and  a  4  :  1  MUX,  we  make  the  inputs  a  function  of  MSB  bit  P. 


The  design  table  is  shown  in  Table  12. 


Inputs  -> 

Do 

D, 

d2 

D3 

P 

0 

© 

2 

3 

P 

© 

© 

6 

7 

Final  I/P  to  MUX 

P 

1 

0 

0 

Table  12  :  Table  for  H  output 


The  circuit  diagram  is  shown  in  Fig.  Ex.  7.1 1(a).  Similarly  for  output  V  we  have. 


Inputs  — » 

D0 

D, 

d2 

d3 

P 

® 

1 

© 

3 

P 

© 

5 

6 

7 

Final  I/P  to  MUX 

P 

0 

P 

0 

Table  13  :  For  O/P  V 


The  circuit  diagram  is  shown  in  Fig.  Ex.  7.11  (b). 


Fig.  Ex.  7.11  (a) 
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Design  a  circuit  using  2  :  1  MUX  to  implement  each  of  the  following  functions.  Use  gates  and 
inverters  if  necessary. 

(0  V  -  A  B,  use  B  as  a  select  input  (ii)  Y  =  A  +  B  ,  use  A  as  a  select  input 

(iii)  Y  -  A  ®  B,  use  B  as  a  select  input  (iv)  Y  =  A  0  B,  use  A  as  a  select  input. 

In.  .  (i)  Y  -  AB  means  O/P  is  logic  1  only  when  A  =  0,  B  =  1,  (1)I0,  for  all  other  combination 
O/P  =  0. 


Innut 

Do 

D, 

A 

0 

© 

A 

2 

3 

Final  I/P  to  MUX 

0 

A 

Table  14 

Circuit  as  shown  in  Fig.  Ex.  7.12  (a), 
(ii)  Y  =  A  +  B 

=  A(B+B)  +  B(A  +  A) 

=  AB+AB  +  AB+AB 

=  AB  +  AB  +  AB 
O/P  is  logic  T  when. 


A 

A 

A 


=  0 
=  1,B  = 

=  1,B  = 


B 

0 

1 


(0)io 

(2) ,o 

(3) ,o 


'cc 


iputs 


Fig.  Ex.  7.12  (a) 
Design  table  is, 


Input 

Do 

Dl; 

A 

® 

1 

A 

© 

© 

Final  I/P  to  MUX 

^cc 

A 

Table  15 
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Tabic  16 


O/P  is  logical  when  A  =  1  B  =  0  i.c.  (2)I0 

/  t  3=  1  i.e.(l)10 


Input 

r 

— 

A 

0 

© 

A 

© 

3 

Final  I/P  to  MUX 

A 

A 

i 


(iv)  Y  =  A  (XNOR)  B  =  A  B  +  AB 

O/P  is  log. ~al  .  when  A  =  B  =  0  and  A  =  B  =  1.  i.c.  (0)10  and  (3)10  respectively. 
Design  table 


Input 

Do 

D, 

A 

© 

1 

A 

2 

© 

Final  I/P  to  MUX 

A 

A 

Table  17 


Inputs 


' 


We  have  solved  different  types  of  problems.  Refer  Ex.  7,  in  tliat  we  have  seen  that  four  variables 
function  implemented  using  8  :  1  MUX.  In  that  we  have  implemented  method  where  we  have  taken  MSB 
as  additional  bit.  Now  we  are  going  to  learn  one  more  method  where  we  will  select  LSB  line  as  additional 

line  (bit). 


■ :  -r 


*V*  T  ‘  ft 

\  ;  I  ! 


Y:V' 


-p 
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Soln. 


•  Design  circuit  using  8  :  1  MUX 

F  (A.  B,  C,  D)  =  £m  (2.  4,  5,  7,  10,  14). 

0)  A,  B,  C,  D  ->  four  variables  arc  present 

(2)  Therefore  no.  of  states  will  be  2n  =  24  =  16 

(3)  Makc  a  ,ab,c  which  contaias  biairy  (0(M)0)2  to  ( 1 1 1 1  )2. 

(4)  After  that  write  down  O/P  Y  i.e.  you  want  0/1.  Normally  you  should  write  down  logic  1  in 
O/P  Y  column,  in  the  row  specified  by  function  i.e.  2,  4,  5,  7,  10,  14. 

(5)  Now  go  on  grouping  2  states. 

(6)  Finally,  keenly  observe  bit  D  (i.e.  LSB)  and  O/P  Y 
|f  V  7 

contains  0  or  T  irrespective  of  D  changes,  then  simply  write  down  logic  'O'  or  logic  T 

respectively. 

If  O/P  Y  is  same  as  that  of  D  bit,  write  D  in  front  of  function.  If  O/P  Y  is  complement  of  D  bit, 
write  D. 


Truth  table  is  as  shown  in  Tabic  18. 


Inputs 

Output 

■  — 

Function 

I/P  to  MUX 

A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

*■ 

0 

0 

0 

1 

0 

GND  (logic  '0') 

D0 

0 

0 

1 

0 

1 

m 

6  (when  D  =  0,  Y  =  1;  D  =  1,  Y  =  0) 

D, 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

Vcc  (logic  1) 

d2 

0 

1 

0 

1 

1 

! 

0 

1 

1 

0 

0 

1 

D  (when  D  =  0,  Y  =  0;  D  =  1,  Y  =  1) 

Di 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

logic  'O',  GND 

d4 

1 

0 

0 

1 

0 

1 

0 

I 

• 

0 

1 

6 

Ds 

1 

0 

1 

1 

0 

- 

1 

1 

0 

0 

0 

GND  logic  'O' 

d6 

1 

1 

0 

1 

0 

— 

1 

1 

1 

0 

1 

D 

d7 

1 

1 

1 

1 

0 

mm 

Tabic  18 
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cun  diagram  is  shown  in  Fig.  Ex.  7.13  (a). 


Fig.  Ex.  7.13  (a) 

■J*'  14  :  Implement  the  following  function  by  using  a  8  :  1  MUX.  Draw  the  logic  diagram  and  explain  the 

connection  scheme. 


F  -  f  (A,  B,  C,  D)  =  Xm  (0,  1,  4,  8,  10,  14,  15). 

Soln.  : 


A 

B 

c 

D 

Y 

Function 

8 :  1  MUX 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

D0 

0 

0 

i 

0 

0 

*1 

0 

0 

l 

1 

0 

0 

Dl 

0 

i 

0 

d 

1 

0 

i 

0 

l 

0 

D 

d2 

0 

l 

1 

0 

0 

0 

l 

1 

l 

0 

•— . 

0 

d3 

1 

0 

0 

0 

1 

— * 

1 

0 

0 

1 

0 

D 

t 

d4 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

D 

d5 

1 

i 

0 

0 

0 

1 

i 

0 

1 

0 

0 

d6 

1 

i 

1 

0 

1 

1 

i 

1 

1 

1 

1 

D? 

Table  19 
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Digital 

Circuit  Diagram  :  Refer  Fig.  Ex.  7.14  (a). 


vcc 


Fig.  Ex.  7.14  (a) 


Ex.  15  : 


Implement  the  following  functions  using  a  8  :  1  multiplexer.  Draw  the  logic  diagram  and 
explain  the  connection  scheme. 


F  -  f  (A,  B,  C,  D)  =  I  m  (0,  1,  3,  4,  6,  7,  10,  12,  14,  15)  +  d  (2,  5). 


'  So,n-  :  In  lhc  function  Don’t  Care  conditions  are  introduced.  As  you  are  aware,  Don't  care  can  be  treated 
logic  'O',  T  depending  upon  your  convenience. 


F  =  f  (A,  B,  C,  D)  =  Xm  (0,  1,3,4,  6,  7,  10,  12,  14,  15)  +  d 


Minterm 

A 

B 

c 

D 

Output 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

_ 

2 

0 

0 

1 

0 

X 

1 

1' 

3 

0 

0 

1 

1 

1 

J 

1 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

X 

1 

6 

0 

1 

1 

0 

1 

1 

7 

0 

1 

1 

1 

1 

— 

8 

1 

0 

0 

0 

0 

1 

0 

9 

1 

0 

0 

1 

0 

J 

10 

1 

0 

1 

0 

1 

5 

11 

1 

0 

1 

1 

0 

12 

1 

1 

0 

0 

1 

— 

_ 

D 

13 

1 

1 

0 

1 

0 

14 

1 

1 

1 

0 

1 

1 

15 

1 

1 

1 

1 

1 

J 

(2,5) _  Truth  Table 


A 

B 

c 

O/P  F 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

1 

0 

1 

6 

1 

1 

0 

6 

1 

1 

1 

l 

Both  'X'  are  treated  as  logic  T 


Table  20 
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Digital 


Both  'X'  arc  treated  as  logic  T. 

C»rcuit  diagram  :  Refer  Fig.  Ex.  7.15  (a). 


D 


cc 


8:1 

MUX 


Dc 


S3  s2  s, 


D  D 


nr 


-oF 


Enable 

ABC 
Fig.  Ex.  7.15  (a) 


^/Ex.  16  :  Implement  the  following  function  by  using  8  :  1  MUX, 
f  =  k  M  (1,  4.  5,  8,  10,  12,  15)  +  d  (2,  7). 

Soln.  :  Here  instead  ol  minterm,  maxterm  is  specified.  The  same  function  can  be  written  as, 
Im  (0,3,6,  9,  11,  13,  14)  +  d  (2,  7). 

Don 't  Care  can  be  treated  logic  'O'  or  T. 


Decimal 

A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

I 

0 

2 

0 

0 

1 

0 

X 

3 

0 

0 

1 

1 

1 

4 

1 

1 

0 

0 

0  1 

5 

0 

1 

0 

1 

0  J 

6 

0 

1 

1 

0 

1  1 

7 

0 

1 

1 

1 

X  J 

8 

1 

0 

0 

0 

0  1 

9 

1 

0 

0 

1 

1  J 

10 

1 

0 

1 

0 

0  1 

11 

1 

0 

1 

1 

„  L  J 

12 

1 

1 

0 

0 

°  1 

13 

1 

1 

0 

1 

i  J 

14 

1 

1 

1 

0 

1  1 

15 

1 

1 

1 

1 

0  J 

D 


MUX  I/Ps 


Dr 


D- 


Di 


D, 


D, 


D/ 


D7 


Table  21 
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_Digita[ 

Hcrc  (2)10  minterm  is  treated  as  logic  T, 

(7)10  minterm  is  treated  as  logic  T 
Circuit  diagram  : 


Output 


Ex.  17  : 
^ Soln.:  1 


Implement  function  F  =  uM(1,3,  5,  10,  12,  14)  +  d  (0,  2)  using  16  :  1  MUX. 
LThe  same  function  can  be  written  as, 

F  =  Zm  (4,  6,  7,  8,  9,  11,  13,  15)  +  d  (0,  2). 


Decimal 

Inputs 

Output 

A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

X 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

X 

3 

0 

0 

1 

1 

0 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

1 

9 

1 

0 

0 

1 

1 

10 

1 

0 

1 

0 

0 

11 

1 

0 

1 

1 

1 

12 

1 

1 

0 

0 

0 

13 

1 

1 

0 

1 

1 

14 

1 

1 

1 

0 

0 

15 

1 

1 

1 

1 

1 

Truth  Table  22 
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vcc 


Fig.  Ex.  7.17  (a) 

As  shown,  2  and  0  inputs  are  not  connected  as  those  terminals  are  Don't  Care. 

7.3  Demultiplexer  (Data  Distributor) : 


Demultiplexer  -  Demux 


Fig.  7.4 


-  ,  f  fi  T  '  n  ’!!;  (  ■•  \  \  >T T" '  f 
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several  ^  UpICXCr  is  cxactl>'  reverse  that  of  multiplexer  i.e.  it  accepts  single  input  and  distributes  it  over 
(same  "^C  S*n^c  >nP'*t  should  appear  over  which  output  line  is  decided  by  SELECT  LINES 

distribut  131  °f  multiplcxcr)-  In  short,  die  demultiplexer  takes  one  input  data  source  and  selectively 
is  shown  in  t0  1  N  ou,Pul  channels  just  as  that  of  multiposition  switch.  The  functional  representation 

Tile  H 

rclati  u-3*3  'npid  can  be  routed  to  a  specific  output  based  on  select  line  combination.  The 

p  between  select  lines  and  output  lines  can  be  given  by,  2m  =  n. 
rc  m  Number  of  select  lines,  n  =  Number  of  output  lines. 


^^Jo^irD^^tiplexer 


line  wdien*1^3*0  ^1C  ^as’c  concePt  is  we  are  going  to  use  AND  gate  to  pass  input  data  to  required  output 
.  '  proper  address  (select)  line  status  is  available  i.e.  If  we  want  data  to  appear  at  Y,  line  select  line 
status  should  be  (010)2.  Lets  see  Fig.  7.5. 


'IN1 


r  - 

i  r 

:  a 

!  i' - 

Fig.  7.5 

when,  S0  =  0,  AND1  is  enabled  and  Y0  =  DIN,  Y,  =  0 
S0  =  1,  AND2  is  enabled  and  Y0  =  0,  Yr  =  D1N. 


1  :  4  Demultiplexer 


~ °  ’  i 
Basic  two 
output  demux 


*t>°1 


D,no- 


E> 
E> 
E> 


Strobo  /  Enable 

Fig.  7.6 


-oY, 


-oY-i 
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Depending  uno  ^  demux,  S,  S0  =  00.  AND  I  is  enabled.  S,  S0  =  01  AND  2  is  enabled  and  so  on. 

introduced  'Strob  0/prwi11  aPPcar  at  Y0.  Y,  and  so  on  respectively.  In  the  circuit  vve  have 

output,  irrespective  ofV,  aTs's  ^  'S  niaStCr  COntro1'  If  Str°bc  =  Y° 10  Y‘  al1  wil1  Provide  ’LOW' 


Input 

Output 

Enable 

s, 

So 

0 

X 

X 

n 

> 

ii 

r  j 
>- 
ll 

>-- 

ll 

1 

0 

0 

Y0  =  Din 

1 

0 

1 

Y|  =  Din 

1 

1 

0 

Yo  =  Din 

1 

1 

1 

Y3  =  D,n 

Typical  Demux  chips  are  : 


Truth  Table  1 


Ex.  18 


Chips 

Function 

74154 

1:16  Demux 

74155 

Dual  2  :  4  Demux 

74156 

Dual  2  :  4  Demux 

Soln.  :  We  are  going  to  use  1  :  4  demux  with  'enable'  terminal.  Refer  Fig.  Ex.  7.  IS  (a). 

A,  B.  C,  three  variables  are  used,  where  A  =  MSB  and  C  =  LSB.  B  and  C  variables  are  given  to 

select  lines  S,  and  S0  respectively.  A  is  directly  given  to  lower  demux  and  A  is  given  to  upper  demux 
'Din'  of  both  the  demux  is  tide  together. 


D 


'in 


Select 

lines 


Din  yo 

1:4  Yi 

DEMUX  Y2 

E  si  s0  v3 

So 

* 

1^° 

* 

A 

i 

f  ' 

t 

Djn  si  S0  Y0 

1:4  Y1 
DEMUX  Y2 
E  Y3 

-O, 

-O. 


O/P 


■Oj 

-oe 


J7  J 


Fig.  Ex.  7.18(a) 

Ex.  1 9  :  Implement  full  adder  using  demultiplexer  (Dec.  98, 6  Marks) 

Soln. :  Refer  Table  2  for  tmth  table  of  full  adder  circuit. 
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Fig.  Ex.  7.19  (a) 

Sum  function  can  be  written  as, 

S  =  f(A,  B,  C)  =  £m(l,  2,  4,  7) 

•  •  Y,,  Y2,  Y4  and  Y7  is  selected. 

For  cam' 

C  =  f  (A,  B,  C)  =  I  m  (3,  5,  6,  7) 

•  •  Y3,  Y5,  Y6  and  Y7  are  selected. 

Ex.  20  :  Implement  the  following  functions  using  suitable  demux  and.  logic  gates. 

Y,  =  U  (A-  B,  C)  =  I  m  (0,  1,  3,  5,  6),  Y2  =  f2  (A,  B,  C)  =  I  m  (0,  1.  2,  4,  6) 
Y3  =  ^3  (A.  B,  C)  =  X  m  (1,  2,  3,  6).  Draw  the  logic  diagram. 

Soln.  :  (1)  We  will  use  1  :  8  demultiplexer. 

(2)  Circuit  diagram  : 


Fig.  Ex.  7.20  (a) 


Y,  =(0.1 .3.5,6) 


Y2  =  (0.1. 2.4.6) 


Y3  =  (1,2, 3.6) 
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Yj  will  be  logic  T  whenever  minterm  0,  1,  3,  5,  6  is  selected.  For  remaining  minterm  O/P  will  be 
7ero.  Same  way  Y,  will  be  logical  T  when  minterm  0,  1,2,  4,  6,  is  selected.  Y3  will  be  logic  T  when  1, 
2>  3.  6  is  selected. 


21  .  Implement  the  following  multiple  output  function  using  suitable  Demux. 

fi  (A,  B,  C)  =  £  (0,  1,  3,  7)  +  d  (2,  5), 

f2  (A-  B,  C)  =  I  m  (1,  5,  7), 

f3  (A,  B,  C)  =  X  m  (0,  2,  4,  6). 

Soln. : 


7.4  Decoder : 

A  decoder  is  a  digital  logic  circuit  that  converts  N-bit  binary  input  code  into  M  output  lines.  Here  each 
output  line  will  be  activated  for  only  one  of  the  possible  combination  of  inputs.  Fig.  7.7  shows 
generalised  block  schematic  of  decoder  logic. 

The  number  of  input  lines  are  N  and  O/P  lines  are  M.  In  decoder  N  can  be  any  integer  and  M  is  an 
integer  that  is  less  than  or  equal  to  2N.  M  <  2N  because  2N  possible  codes  are  there,  one  of  the  M  lines  will 
be  activated  depending  upon  input  combination  or  codes.  All  other  lines  will  be  deactivated.  Active  logic 
can  be  LOW  or  HIGH,  depends  upon  chip. 


oOQ 

oOi 
O  O, 


o  o 


N-t 


M 

Outputs 


Fig.  7.7 


In  some  of  the  decoders  all  2N  possible  combinations  are  not  used.  But  only  certain  are  used.  If  unused 
codes  are  applied,  none  of  the  output  will  be  activated.  We  will  study  this  type  of  decoder  i.e.  BCD  to 
decimal  decoder. 

Decoder  can  be  referred  in  several  ways : 


_ -  .  r.imraanWMMrt 
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(1)  Sa>  for  example,  3  line  to  8  line 
line. 
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decoder,  means  it  accepts  three  lines  and  gives  out  eight  output 


(2) 

(3) 


also  called  as  /  of  K  decoder  (or  1  :  8  demux)  because  only  1  O/P  will  be  activated  out  of  8 

outputs  at  a  time 

'  l*S0  ca"cd  as  binary  to  octal  decoder  because  it  takes  3  bit  binary  input  code  and  activates 
c  of  the  eight  (octal)  outputs  corresponding  to  the  code 


Comparison  between  Demux  and  Decoder : 

j  j'  ^ 

,  °i"p.irc  demux  and  decoder  then  decoder  doesn't  have  D,v  (data  input)  line,  where  demux  has 

Cel  s  see  2  line  to  4  line  decoder 


1 

> - 

\ 

i - 

D 

►- - 

1 - 

i 

» - 

D 

► - 

i 

D 

i 

t 

t 

D 

Strobe 


Fig.  7.8 

Compare  Figs.  7.6  and  7.8.  DIN  is  not  present.  Remaining  circuit  is  as  it  is 

Ex.  22  :  Implement  the  following  using  4  16  decoder 
(i)  F1  =  X  m  (1,  2,  4,  7,  8,  11,  12,  13) 

(li)  F2  =  nm  (10.  12.  13.  14) 

(ill)  F3  =Xm(1,  5,  8,  10) 

Soln.  :  A  4  16  decoder  has  four  select  lines  i.e.  four  vanables  C  and  D  We  may  rewnte  all  the  function 
as  follows 

Fj  =  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD  +  ABCD 
F2  =  ABCD  +  ABCD  +  ABCD  +  ABCD 
F3  =  ABCD  +  ABCD  +  ABCD  +  ABCD 

F4  =  ABCD  +  ABCD  +  ABCD 

The  circuit  diagram  is  shown  in  Fig.  Ex  7.22(a) 
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Fig.  Ex.  7.22(a) 
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Ex.  23  :  Draw  a  logic  diagram  of  a  2  :  4  line  decoder  /  demux  using  NOR  gates  only. 
Soln.  :  Fig.  Ex.  7.23(a)  shows  the  required  circuit  diagram. 


Fig.  Ex.  7.23(a) 


Ex.  7.23(b) 


..  _ .  •  »<  i  ?  i<  mmmmmm:  •»  i  5 

Scanned  by  CamScanner 


r  -  '-i- -tv5 


.Digital 


will  study  IC  74138. 

K4138~ 


7-30  Multiplexer,  Demultiplexer,  ALU.  Encoder,  Decoder 


74138  nC  dCC°dcr0R  1  of  8  Dccodcr/Demultiplexer. 

74138  i$  1S  m°St  'V'^C^-v  uscc*  ^  '  8  bne  decoder  in  microprocessor  or  microcomputer  based  system. 
Fig  79  U ^  sPcct^  ^  °f  8  decodcr/denuiltiplexer.  Let's  see  pin  configuration,  and  logic  symbol  in 


ME 

MI 

ME 

ME 

ME 

ME 

Q?E 

GND  E 

(a) 


H]vcc 
H]o0 
13  o, 

]3]02 

IHO3 

U]o4 

HO5 

H°6 

Fig.  7.9 


1  2  3  -  456 


A0  A1  A2  E 


O0  O,  02  03  04  05  06  07 

TTTTTTTT 

15  14  13  12  11  10  9  7 

Vcc  =  PIN  16 
GND  =  PIN  8 

(b) 


Pin  Names  and  Description 


Pin  Names 

Description 

<  1 
1 

O 

<  1 

•Address  inputs  (Select  lines) 

e,-e2 

Enable  inputs  (Active  Low) 

E3 

Enable  Input  (Active  HIGH) 

Oq  ~  ^7 

Outputs  (Active  Low) 

Table  7.2 


74138  chip  is  16  pin  chip  with  A0  -  A2  select  lines  to  select  required  output  line  to  be  active. 
E,  to  E2,  two  inputs  are  active  low  enable  inputs.  Make  E,  =  E:  =  0  to  enable  the  chip.  E3  is  Active 

HIGH  enable  input.  Make  E3  —  1  to  enable  the  chip.  Finally  O0  =  07  are,  eight  active  low  outputs  present. 
Features : 

(1)  Schottky  process  for  high  speed. 

(2)  Demultiplexing  capability. 

(3)  Multiple  input  enable  for  easy  expansion. 

(4)  Active  LOW  mutually  exclusive  outputs. 

To  understand  the  working  of  functional  diagram,  let's  see  truth  table  of  the  chip. 
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Tabic  7.3 

-  LSB,  A,  =  MSB,  H  =  HIGH  Voltage  Level,  L  =  LOW  Voltage  Level 
Immaterial 


Ex.  24  :  Design  full  adder  using  decoder  logic. 

Soln.  :  Wc  have  already  studied  full  adder  truth  tabic. 


7.5  ALU  (Arithmetic  Logic  Unit) :  [ASKED  IN  EXAM  :  Dec  96,  May  97] 


! 


I 


Arithmetic  logic  unit  is  very  powerful  device,  able  to  perform  different  arithmetic  and  logical 
functions.  Basically  ALU  is  the  heart  of  central  processing  unit  (CPU)  of  the  computer.  It  is  capability  of 
ALU  which  allows  you  to  perfom  different  functions. 

Wc  arc  going  to  first  study  popular  and  most  widely  used  1C  74181.  The  Fig.  7.10  shows  pin 
configuration  of  IC  74 181. 
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Lets  see  description  of  pin  configuration. 


Pin  Names 

Description 

>' 

O 

1 

>  1 

w 

Operand  Inputs  (Active  LOW) 

Bo  -  B, 

Operand  Inputs  (Active  LOW) 

S0  ~  S3 

Function  Select  Inputs 

M 

Mode  Control  Input 

cn 

Cany  Input 

F«-FJ 

Function  Outputs  (Active  LOW) 

A  =  B 

Comparator  Output 

G 

Cany  Generate  Output  (Active  LOW) 

P 

Carry  Propagate  Output  (Active  LOW) 

c 

+  4 

Carry  Output 

Table  7.4 


Dual-in-line  package 


Basically  74181  is  4  bit  ALU  which  can  perform  all  the  possible  16  logic  operations  on  two  varibales 
and  a  variety  of  arithmetic  operations. 

Features  of  the  chip  are  : 

Provides  16  arithmetic  operations,  add,  subtract,  compare,  double,  plus  twelve  other  arithmetic 
functions. 

-  Provides  all  16  logic  operations  of  two  variables.  Exclusive  -  OR,  compare,  AND,  NAND,  OR, 
NOR,  plus  ten  other  logic  operations. 

-  Full  lookahead  for  high  speed  arithmetic  operation  on  long  word. 


Functional  Description  : 

The  74181  is  a  4  bit  high  speed  parallel  arithmetic  logic  unit  (ALU).  Controlled  by  the  four  function 
select  inputs  (S0  -  S3)  and  mode  control  input  M,  it  can  perform  all  the  10  possible  logic  operations  or  16 

different  arithmetic  operations  on  active  HIGH  or  active  LOW  operands.  The  Fig  7.11  shows  logic 
symbols  for  active  high  and  active  low  operands 

If  you  compare  Figs.  7.11  (a)  and  (b),  you  will  find  that  bubbles  (shows  inversion)  have  been 
introduced  of  input  operand  A0  -  A3  and  B0  -  B,  as  well  as  at  G  and  P  The  bubble  has  been  removed 
from  C  and  C  + , .  The  function  table  shows  all  the  operations  : 


Scanned  by  CamScanner 


Digital. 


7-33 


Multiplexer,  Demultiplexer,  ALU,  Encoder.  Decoder 


Active  high  operands 


7- 
8  ■ 
6  ■ 
5- 
4  ■ 
3 


Active  low  operands 
2  1  23  22  21  20  19  18 

1  1  1  1  1  1  1  i 


C  Aq  B0  A,  B,  A2  B2  a. 


M 


54LS/74LS181 
4-Bit  arithmetic 
logic  unit 


F0  F1  F2  F3 


TTTT 

9  10  11  13 


3  B3 


'•'n+4 

A=B 

C 

P 


16 
■14 
17 
•  15 


^CC  -  F'n 
GND  =  Pin  12 


(b) 


Fig.  7.11 


Mode  Select  Inputs 

ruiiLiiuu  iauic 

Active  LOW  Operands 
and  Fn  Outputs 

Active  HIGH  Operands 
and  F  Outputs 

S3 

s2 

Si 

So 

Logic 

Arithmetic 

Logic 

Arithmetic 

§ 

11 

& 

(M  =  L)  (Cn  =  L) 

(M  =  H) 

(M  =  L)(Cn  =  H) 

L 

L 

L 

L 

A 

A  minus  1 

A 

A 

L 

L 

L 

H 

AB 

AB  minus  1 

A  +  B 

A  +  B 

L 

L 

H 

L 

A  +  B 

AB  minus  1 

AB 

A  +  B 

L 

L 

H 

H 

Logic  1 

minus  1 

Logic  0 

1 

minus  1 

L 

H 

L 

L 

A  +  B 

A  plus  (A  +  B) 

AB 

A  plus  AB 

.  L 

H 

L 

H 

B 

AB  plus  (A  +  B) 

B 

(A  +  B)  phis  AB 

L 

H 

H 

L 

A  ©  B 

A  minus  B  -  1 

A©  B 

minus  1 

L 

H 

H 

H 

A  +  B 

A  +  B 

AB 

AB  minus  1 

H 

L 

L 

L 

AB 

A  plus  (A  +  B) 

A  +  B 

A  plus  AB 

H 

L 

L 

H 

A©  B 

A  plus  B 

A©  B 

A  plus  B 

H 

L 

H 

L 

B 

AB  plus  (A  +  B) 

B 

(A  +  B)  phis  AB 

H 

L 

H 

H 

A  +  B 

A  +  B 

AB 

AB  minus  1 

H 

H 

L 

L 

Logic  0 

A  plus  A* 

Logic  1 

A  plus  A* 

H 

H 

L 

H 

AB 

AB  plus  A 

A  +  B 

(A  +  B)  plus  A 

H 

H 

H 

L 

AB 

AB  minus  A 

A  +  B 

(A  +  B)  plus  A 

H 

H 

H 

H 

A 

A 

A 

A  minus  1  .  - 

♦Each  bit  is  shilled  to  the  next  move  significant  position. 


Table  7.5 
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As  shown  in  I  able  7.5.  when  inode  control  input  (M)  is  HIGH,  all  internal  carries  arc  inhibited  and 
device  performs  logical  operations  on  individual  bits  as  listed. 

,n0(*c  control  input  is  LOW,  the  carries  arc  enabled  and  the  device  performs  arithmetic 
a  l0,Ui  0,1 1"0,  ^  M  number.  Hie  Table  7.5  shows  Cn  ~  0  when  M  ~  0  (active  low  operands)  and  M  ■--« 
Ln  0  (Active  high  operands).  Now  we  will  see  what  will  be  the  change  when  Cn  ~  0  when  H  =*  0 


Section 

S,  S,  s,  s, 

Active  High  Data 

- - 

M  -  1  Logic 

M  =  0  Arithmetic  Operations 

Functions 

cn  =  i 

© 

It 

«w 

/ 

o 

c 

o 

n 

>  i 

II 

> 

F  =  A  PLUS  1 

0  0  0] 

F  =  A  +  B 

F  =  A  +  B 

F  =  (A  +  B)  PLUS  1 

ooio 

F  =  AB 

F  =  A  +  B 

F  =  (A  +  B)  PLUS  1 

0  0  11 

F  =  0 

F  =  MINUS  1  . 

F  =  ZERO 

0  10  1 

F  =  B 

F  =  (A  +  B)  PLUS  AB 

F  =  (A+B)  PLUS  AB  PLUS  1 

o 

o 

o 

F  =  AB 

F  =  APLUSAB 

F  =  A  PLUS  AB  PLUS  I 

0  110 

F  =  A  ©B 

F  =  A  MINUS  B 

F-  =  A  MINUS  B 

MINUS  1 

0  111 

F  =  A-B 

F  =  A- B  MINUS  1 

ii 

u. 

1  0  0  0 

F  =  A  +  B 

F  =  APLUSAB 

F  =  A  PLUS  AB  PLUS  1 

10  0  1 

F  =  A  ©B 

F  =  A  PLUS  B 

F  =  A  PLUS  B  PLUS  1 

10  10 

F  =  B 

F  =  (A  +  B)  PLUS  AB 

F  =  (A  +  B)PLUSAB  PLUS  1 

10  11 

F  =  AB 

F  =  AB  MINUS  1 

F  =  AB 

1  10  0 

F  =  1 

F  =  A  PLUS A 

F  =  A  PLUS  A  PLUS  1 

1  10  1 

F  =  A  +  B 

F  =  (A  +  B)  PLUS  A 

F  =  (A +  B)  PLUS  A  PLUS  1 

1110 

F  =  A  +  B 

F  =  (A  +  B)  PLUS  A 

F  =  (A +  B)  PLUS  A  PLUS  1 

1111 

F  =  A 

F  =  A  MINUS  1 

F  =  A 

Fig.  7.11(A) 

Basically  carry  in  and  carry  out  lines  are  provided  for  cascading  'N*  number  of  74181  The  device 
provides  full  internal  carry  lookahead  and  provides  for  either  ripple  cany  between  devices  using  Cn  +  4 

output,  or  for  cany  lookaltcad  between  packages  using  signal  P  (cany  propagate)  and  G  (cany  generate). 

When  speed  requirements  are  not  stringent,  it  can  be  used  in  simple  ripple  cany-  mode  by  connecting 
carry  out  (Cn  +  4)  signal  to  carry  input  (Cn)  of  the  next  unit.  To  understand  this  we  will  see  one  example. 
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The  Fig.  Ex.  7.25  (a)  is  as  follows. 


Fig.  Ex.  7.25(a) 

As  shown  mode,  control  (M)  and  select  inputs  (S3  -  S0)  lines  are  tied  together  commonly,  so  both 
IC's  operates  in  same  mode.  Input  operand  1  =  X7  -  X0  and  operand  2  =  Y7  -  Y0  arc  connected  to  A3  A. 
A,  A0  and  B3  B,  B,  B0  of  two  74181,  respectively  Cn  of  74 181,  is  ground.  Cn  +  4  of  74181,  is  connected 
to  74181,  i.c.  cany  of  one  stage  propagated  to  next  stage.  The  final  cany  output  Cn  +  4  is  generated  from 
74181,.  Now  apply  operand  1  and  2.  Select  required  function  and  take  output. 

P  (carry  propagate)  and  G  (carry  generate)  outputs  :  In  the  ADD  mode,  P  indicates  that  output 
(F,  -  F0)  is  15  or  more,  while  G  indicates  that  F3  -  F0  output  is  16  or  more.  In  the  subtract  mode,  P 
indicates  F  is  zero  or  less,  while  G  indicates  that  F  is  less  than  zero. 

P  and  Q  are  not  affected  by  carry.  When  high  speed  operation  is  required  74181  is  used  with  9342 
(cany  lookahead  generator).  Four  74181  device  can  be  interfaced  to  single  9342. 

(A  =  B)  output  line  : 

Case  I :  (A  =  B)  output  goes  HIGH  when  all  output  F,  -  F0  arc  HIGH. 

Case  II :  (A  =  B)  output  is  HIGH  to  indicate  logic  equivalence  over  four  bits  when  the  circuit  is  in 

subtract  mode.  (A  =  B)  output  is  open  collector  and  can  be  WIRED  AND  with  other  A  =  B 

output  of  74 181  to  give  comparision  for  more  than  4  bits.  The  A  =  B  signal  can  be  used  with 
Cn44  signal  to  indicate  A>Bor  A<B. 

Ex.  26  :  Find  the  expression  for  F,  and  Cj  4  ,  in  terms  of  Aj,  Bj  and  Cj  for  the  circuit  of  simple  AU 

shown  in  Fig.  Ex.  7.26.  M  =  mode  control  and  S1  and  S2  are  function  select  bits. 
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Fig.  Ex.  7.26(a) 

Soln.  :  F(  S,  B,  0  |  S0  ©  A,  +  M  C,  J 

C,  ,  ,  MC,  (S0  ©  A,)  +  S.B,  [  (MC,)  0  S,  0  A,  | 

7.6  Encoders : 

In  decoder  N-hil  input  code  produces  HIGH  (or  LOW)  at  the  output  at  only  one  output  line  In  short, 
decoder  recognizes  an  input  code  and  accordingly  responds. 


FIk.  7.12 

Tic  encoder  performs  exactly  reverie  operation,  tltc  operation  is  called  as  encoding  and  digital  circuit 
built  to  perforin  tin*  operation  is  called  as  on  tncodtr,  An  encoder  has  M  input  line*  and  N  output  lines 
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Out  of  M  input  lines  only  one  is  activated  at  a  time  and  it  produces  equivalent  code  on  output  N  lines.  The 
hIock  schematic  is  as  shown  in  Fig  7.12. 

/  or  cx,unP*c.  stipposc  we  have  octal  to  binary  encoder,  then  input  lines  will  be  8  and  7  O/P  lines.  Out 

inm^  e  *'Mr  °n,-v  0I1C  "  l)c  activated  at  a  time  and  we  ^»ct  7  bit  output  code  correspondin';  to  activated 
.  ^  a'  or  c  K  input  lines  arc  I0  -  I7  and  output  lines  are  02  -  Q0.  If  I,  =  l.  I0  I  "  F  ~  I,  --  1,  =  lK 
7  =  0  thcn  Q:  Q|  Q„  (001)2  .  where  (001),  =  (l),n. 

Same  way  if  I7)  =  i  then  Q,  Q  Q  -  (lit)),. 


w  wall  LMw  5IIUW11  <1S  1 

In 

n  1  able  7  6  : 

tut 

Output 

In 

1. 

'z 

■j 

>4 

I, 

»6 

I- 

q2 

0, 

Qn 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

I 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

L J 

Table  7.6  :  Truth  Table 


Now  here  you  may  ask  question  that  if  two  or  more  inputs  are  held  HIGH  at  the  sametime,  how  the 
circuit  will  behave  ?  Here  answer  is  il  two  or  more  lines  arc  held  HIGH  at  a  time,  depending  upon  line, 
combination,  O/P  will  appear. 

For  example,  suppose  we  make  I,  and  I4  HIGH.  Because  of  I, ,  Q,  Q,  Q()  =  Oil)  and  because  of  1,.  Q, 

Q,Q0=l«(> 

Final  O/P  is  010  +  000  — >  110 

I 

logical  OR 

But,  this  output  is  not  expected.  The  remedy  over  this  problem  is  priority  encoders. 

7.6.1  Priority  Encoders  : 


In  previous  ease  we  saw  that  when  two  or  more  lines  are  activated,  the  output  code  you  get  is  invalid. 
Therefore  we  lave  to  modify  the  circuit.  The  modification  is  such  that  we  have  to  define  the  priority  of  the 
given  number.  It  means  that  whenever  two  ore  more  inputs  are  applied  at  a  time,  internal  hardware  will 
check  this  condition  and  if  the  'priority*  is  set  such  that  higher-numbered  input  should  be  taken  into 
account  and  remaining  are  considered  as  don't  care  then  output  code  which  w  ill  appear  will  be  of  higher 
numbered  input.  For  example,  say  I?  to  I6  both  arc  activated  at  a  time,  then  l,(  code  will  appear  at  Q,  Q, 
Q(J  because  6  is  greater  than  2. 


Available  encoders  in  chip  form  arc. 


74147 

10  :4  priority  encoder 

74148 

Octal  to  binary  priority  encoder 
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11  is  basically  decimal  to  BCD  priority  encoder.  The  logic  symbol  and  truth  table  for  74147  is 

shown  in  Fig  7  1 1 


Fig.  7.13(a)  *  7.13(b) 


Fig.  7.13(c) 


From  truth  tabic  we  conclude  that  all  nine  inputs  are  ACTIVE  LOW  representing  decimal  digit  from  l 
to  9.  In  response  to  input,  chip  produces  inverted  BCD  code  corresponding  to  highest  numbered  ACTIVE 
INPUT. 

Here  you  may  ask  what  about  '()'  decimal  ?  The  answer  is  when  all  inputs  are  held  high,  output 
6  C  B  A  =  1  1  1  1  i  e.  DCBA  =  (0000)2  =  (0)10. 

The  table  also  shows  normal  BCD  count,  which  is  inversion  of  output  of  the  chip.  Let’s  say  A9  =  0, 

then  remaining  all  lines  are  treated  as  'don't  care'  and  chip  produces  D  C  B  A  =  01 10  i.c.  DCBA  =  (1001)-, 

=  (9)10.  Same  way  you  go  on  making  A„  -  A,  line  low  and  check  the  output. 

The  74147  produces  NORMALLY  HIGH  when  none  of  the  inputs  are  activated. 


Scanned  by  CamScanner 


7-39 


Multiplexer,  Demultiplexer  ALU  Encod  e  Decoder 
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~ from  University  Papers  : _ _ _ 

*•  Realise  4  :  1  multiplexer  using  NANI)  gates.  (May  %,  May  97,  Dec.  97,  6  Marks) 

Ans.  .  As  it  is  4  !  multiplexer  it  has  4  input  lines  and  one  output. 

As  4  input  lines  arc  there,  it  will  have  two  select  lines  (S(.  S„)  =  in 

No,  of  input  lines  n  =  2m 
=  22 
=  4 

In  this  circuit  we  have  introduced  one  more  terminal  i.e.  E.  E  stands  for  'enable'  This  pin  is  master 
control  to  cnablc/disable  multiplexer. 

E  =  1  — >  enabled  ;  E  =  0  — »  disabled. 

The  truth  table  for  4  :  1  MUX  is  as  follows  : 


Inputs 

Output 

Enable 

Select  Inputs 

E 

s, 

So 

0 

X 

X 

0 

1 

0 

0 

Do 

1 

0 

1 

D, 

1 

1 

0 

d2 

1 

1 

1 

d3 

Table  1 


Output  equation  Y  is  given  as, 

Y  =  E  D0  Sj  Sq  +  E  Dj  S j  S0  +  E  D2  Sj  S0  +  E  D- S,S0  (1) 

From  above  equation  we  have  to  design  the  circuit  using  NAND  gates. 

Simplifying  output  equation 

Y  =  E  D0  S|  Sq  +  E  Dj  Sj  S0  +  E  D2  S,  S0  +  E  Dx  S,S() 

As  A  =  A 

Using  Deniorgan  theorem, 

A  +  B  =  A  •  B 


Y  =  E  D0  S,  S0  •  E  D,  S,  S0  ■  E  D2  S,  S0  •  E  D3  S,  S0 
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Ans.  :  As  it  is  1  :  4  Demux,  it  lias  one  input  and  four  output  lines. 

As  it  lias  four  output  lines,  so  there  will  be  two  select  lines  (Sj.  S0). 

Depending  upon  select  lines,  output  will  appear  at  Y„  ,  Yh  and  so  on  respectively.  In  the  circuit  we 
have  introduced  strobe/cnable  terminal.  This  is  master  control.  If  strobe  =  0.  Yt)  to  Y  t  all  w  ill  pro\idc 
low  output,  irrespective  ofD1N  and  S1?  S0. 

Truth  table  for  1  :  4  Demux  is  as  follows  : 


Input 

Output 

Enable 

S, 

So 

0 

X 

X 

II 

> 

II 

•< 

1  J 

II 

•^4 

II 

1 

0 

0 

Y0  S,S0D|N 

1 

0 

1 

Y,  =  S,S0D1X 

I 

1 

0 

y2  -  s,s0  din 

1 

1 

1 

Yy  =  SjS0D,n 

Table  2 
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v0  s,s0dini  e 

..dt 

Yi  =  S,S0DIX  E 

.(2) 

Y2  =  s,s0D]NE 

(3) 

Y,  =  S,S„D|N.  E 

..  (4) 

Now  Equation  (1)  can  be  written  as. 

(As  A  —  A) 

•  ■(a) 

Similarly  Equations  (2).  (3)  and  (4)  can  be  written  as. 

Yi  S]S()Dj^E 

...(b) 

Y2  =  s,s0dine 

..  (c) 

^3  ~  SiS0DiNE 

.(d) 

Eig.  Q  7.2(a)  shows  NOT  gate  is  equivalent  to  single  input  _ N 

NAND  gate.  A 

Jf 

ii 

i. 

z 

Now  using  Equations  (a),  (b),  (c),  (d)  wc  can  implement  1  :  4  Fig.  Q.7.2(a) 

Demux  using  NAND  gates. 

Diagrammatic  representation  of  1  :  4  Demux  : 
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3.  Write  short  note  on  :  Arithmetic  logic  unit. 

Ans.:  Refer  Section  7.5. 

-R  5\  hat  is  the  tunctional  difference  between  'demultiplexer'  and  a  'decoder'  ? 


(Dec.  96,  May  97,  6  Marks) 


Ans.:  Reler  Section  7.4. 

5*  1 1,0  fallowing  two  functions  are  to  be  realised  using  1 

outputs. 


(May  98,  3  Marks) 


:  8  demultiplexer  having  'active  low' 


r,  =  rcM(l,  3.  7) 

f2  =  7tM(3.  4.  5)  (May  98,  8  Marks) 


and  explain  your  logic. 


Ans..  As  the  two  functions  f,  and  f2  gives  the  product  of  maxterms,  so  the  output  will  be  in  POS 
form. 

First  wiiie  down  truth  table  for  the  above  functions.  The  functions  are  to  be  realised  using  1  :  8 
Demux  hav ing  active  low'  outputs,  so  output  is  zero  for  given  maxterms. 


Inputs 

Outputs 

A 

B 

c 

h 

h 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

Tabic  3 


As  conversion  of  POS  to  SOP  form  is  not  allowed.  So  we  will  use  AND  gates  for  the  outputs  of  both 
the  functions. 

For  function  f, :  The  product  of  maxterms  1,  3,  7  gives  active  low  output  ('O'  output).  As  output  of 
AND  gale  is  zero  if  any  one  of  the  inputs  is  zero.  So  we  are  using  AND  gates  to  get  active  low  outputs. 

Now  \vc  have  to  implement  above  two  functions  using  1  :  8  Demux.  A.  B,  C  are  select  lines  for  I  :  8 
Demux,  so  outputs  will  be  Y0  to  Y7. 
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Select 

lines 


Fig.  Q.  7.5 


6-  Y  =  A  +  B  +  C.  Realise  using  a  multiplexer. 
Ans.  :  First  vve  will  draw  K-map  for  the  above  equation, 


A  0 

A  1 


BC 

BC 

BC 

BC 

00 

01 

11 

10 

1 

0 

1 

1 

0 

i 

3 

2 

1 

1 

1 

1 

4 

5 

7 

6 

(Dec.  98,  6  Maries) 


From  K-inap  wc  can  write  the  truth  table  for  above  function. 


A 

B 

c 

Output  Y 

Input  to  MUX 

0 

0 

0 

1 

Do 

0 

0 

1 

0 

Di 

0 

1 

0 

1 

d2 

0 

1 

1 

1 

d3 

1 

0 

0 

1 

d4 

1 

0 

1 

1 

d5 

1 

1 

0 

1 

d6 

1 

1 

1 

1 

d7 

Table  4 


i 
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,hcic  ,lrc  *^rcc  select  lines  A.  B.  C  therefore  inputs  to  a  multiplexer  will  be  2'  X  So  \\c  will 
“  k  :  1  "’""iplcxcr  for  lire  fund, on 

Y  =  A  +  B  +  C 

D»«igi  aromatic  representation  of  equation  using  8  :  1  MUX  : 

o  Logic  1 


Do 

D1 

d2 

d3 

1  :  8 

d4 

Demux 

d5 

D6 

D7 

s2 

Si  s0 

m 


-o  Y 


Fig.  Q.  7.6 

7.  Realise  following  function  using  2  :  1  Mux  : 

Y  =  AB,  with  B  as  the  select  input. 

Am.:  Y  =  AB  means  output  is  logic  1  only  when  A  =  1,  B  =  1, 
output  is  /.ero. 

Therefore,  design  Table  5. 


,  (3)10,  for  all  other  combinations 


Input 

Do 

A 

0 

1 

A 

2 

<3> 

Final  input  to  MUX 

0 

A 

Table  5 

Here  as  B  is  the  select  input  therefore  inputs  to  multiplexer  arc  21  =  2 
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Diagrammatic 


representation  of  Y 


AB  using  2  :  1  MUX  : 


i 


8. 


Realize  a  2-bit  comparator  to  compare  two  2-bit  numbers,  using ; 
with  active  high  outputs  and  additional  gates. 


ippropriatc  demultiplexer 
(June  99,  8  Marks) 


Ans.  :  We  have  to  design  2-bit  comparator  which  compares  two  2-bit  numbers. 

Let  one  number  is  A]A0  and  another  is  B,B0.  Therefore  the  truth  table  contains  4  variables  so  there 
will  be  16  output  lines. 

\ 

The  output  of  2-bit  comparator  will  be  of  3  types.  I" . 

If  A  =  A,A0andB  =  B,B() 

Therefore  outputs  will  be  (i)  A  >  B  (ii)  A  =  B  (iii)  A  <  B. 

Truth  table  for  2— bit  comparator  is  as  follows  : 


Inputs 

Outputs 

A, 

A0 

B, 

Bo 

A  >  B 

A  =  B 

A  <  B 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

1 

{) 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0  > 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

1 

l 

t) 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

l) 

1 

0 

Truth  Tabic  6 
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fnm  ,"1°  lKUC  10  cJcs'^n  2-bit  comparator  using  Demultiplexer  with  active  high  outputs.  As  there  arc 
select  hues  A,  A()B,B0.  output  lines  arc  2m  =  n. 

2 4  =  16 

Therefore  demultiplexer  we  arc  using  is  1  :  16  Demultiplexer. 

Demultiplexer  uses  active  high  outputs  so  we  will  consider  logic  l's  only. 

Diagrammatic  representation  of  2-bit  comparator 


V - 

Select  lines 


Fig.  Q.7.8 


9.  Implement  an  even  parity  checker  for  a  4-bit  data,  using  8  :  1  MUX  and  inverters. 

(dune K  Marks) 

Ans. :  The  parity  bit  can  be  cither  0  or  1  depending  upon  number  of  l's  contained  in  the  code  group. 
An  even  parity  checker  checks  the  number  of  l's  in  the  data  and  gives  the  output  of  number  of  l's  arc  even 
then  parity  bit  gives  zero  as  the  output. 

The  truth  table  for  4  bit  even  parity  checker  is  as  follows  (Refer  Table  8) :  • 

As  there  are  eight  input  pins  therefore  we  will  use  8  :  1  MUX. 

Diagrammatic  representation  of  4-bit  even  parity  checker  is  as  shown  in  Fig.  Q.7.9. 

A,  B,  C  are  select  lines. 

Bit  D  is  LSB. 

Observing  bit  D  and  output  Pc  we  have  written  function. 
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A 

0 

0 

B 

0 

0 

c 

0 

0 

1) 

0 

1 

Output  P„(Paritv  hit) 

0 

1 

I/P  to  multiplexer 

D0 

I'linetion 

D0  =  D 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

Dj 

D,  =  D 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

D? 

D,  -  D 

0 

1 

1 

0 

0 

0 

I 

1 

1 

1 

D,  =  D 

1 

0 

0 

0 

1 

1 

0 

0 

I 

0 

D4 

D ,  -  D 

1 

0 

1 

0 

0 

I 

0 

I 

1 

1 

D, 

Ds  D 

1 

1 

0 

0 

0 

I 

I 

0 

1 

1 

Dr, 

D„  D 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

d7 

D7  =  D 

Truth  Table  7 


Connect  D0,  D3,  D5  and  D6are  connected  to  LSB  bit  D  and  D,  ,  D2,  D4  and  D7  are  connected  to  D 
using  inverter. 


Fig.  Q.7.9 


10.  Realize  a  full  adder  using  appropriate  demultiplexer  and  additional  gates.  Kxplain. 

(Dec.9H,  6  Marks) 

Ans.:  Refer  Ex.  19,  Page.  7,26. 

□  □□ 
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F||P~1|0PS>  SR.  clocked  SR,  JK,  D,  T,  MS-JK, 


r 

Name  of  the  Topic 

Section 

number 

Theory 

- 

Problems  ' 

*  Terminologies  used  in  sequential  system 

8.2 

✓ 

— 

*  NOR  gate  latch 

8.3 

s 

•  DFF  (Delay  Flip-Flop) 

8.4 

•  Flip-Flop  timings 

8.5 

S 

— 

•  JK  Flip-Flop 

8.6 

S 

— 

®  Master  Slave  JKFF 

8.7 

S 

— 

•  T  Flip-Flop 

8.8 

— 

•  Conversion  from  one  type  of 

FF  to  another. 

8.9 

— 

V 

Applications  of  Flip-Flops 

8.10 

v  A 

y  Comment  "N 

•  Very  very  very  important  chapter. 

•  Base  chapter  for  counter  design. 

Base  chapter  for  Analysis  and  synthesis  of  sequential  circuits. 
Concentrate  on  full  chapter  very  corectly. 
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Introduction  : 


Flip-Flop 


[ASKED  IN  EXAM  -  MAY  1996  !!!  ] 


circuits^  Th10US  C  ln^tCrS' Nvc  ^nve  directed  our  studies  towards  analysis  and  design  of  combinational  digital 

input  tc  ^  comhinational  circuit  at  any  instant  of  time,  depends  upon  levels  present  at  the 

r0mK- 1 •  ccondly.  any  prior  input  level  condition  have  no  effect  on  present  outputs  because 

But  ins'*  ClrCU^  is  wcntoryless.  [It  cannot  memorize  previous  states], 

underst  t  SCfJucnhal  circuit,  timing  parameter  is  coming  into  picture  and  output  levels  arc  sequential.  To 

brush  aiK  ln  Ct,Cr  manncr  *cl  s  analysc  it  taking  example  of  normal  life.  i.e.  you  wake  up  in  the  morning. 

seaue  '  breakfast,  attend  college  and  so  on.  Your  each  and  every  activity  is  performed 

11  Ia  ' '  l^l,s  should  follow  a  particular  defined  sequence.  Why  I  say  defined  sequence,  because 

u  are  not  going  to  brush  the  teeth  first  and  then  going  to  wake  up.  In  short,  next  activity  depends  upon 

prc\  tens  acti\  ity.  Being  human  you  can  remember  the  sequence.  But  what  about  digital  circuit  ?.  So  now 
we  arc  comp  in  cinrm  _ .... 


"c  nrc  SoinS  1°  study  different  memory  element  in  tliis  chapter. 

Fig.  8. 1  shows,  combination  of  memory  element  Combinational  O/P 
and  combinational  logic  circuit.  The  combinational 
portion  accepts  logic  signals  from  external  inputs  and 
from  the  present  outputs  of  the  memory  elements. 

(Present  outputs  of  memory  element  is  referred  as 
present  state’).  The  combinational  circuit  operates  on 
these  inputs  to  produce  various  new  outputs.  Some  of 


the  new  outputs  are  stored  in  memory'  element,  referred 
to  as  next  state. 

In  sequential  logic  circuit  most  important  part 
seems  to  be  memory  element.  The  memory  element  is 
called  Flip-Flop  (abbreviated  as  FF).  In  this  chapter  we 

O  rr>  (lAinn  i  A  rlnzltr  fAllAiviivn  FI  i  Fl/-vr>r»  - 


Memory  O/P 


Combinational 
logic  gates 

~x  z  r 


Memory 

Inputs 


Fig.  8.1 


Clock 

_ru-m_ 


1 .  SR  FF  (Set  Reset  Flip  -  Flop) 

2.  D 

FF 

(Delay  Flip  -  Flop) 

3.  JK.  FF 

4.  T 

FF 

(Toggle  Flip  -  Flop) 

5.  Master  Slave  JK  FF  (M/S  JK  Flip  -  Flop) 

FF  is  also  called  as  latch  because  it  holds  or  latches  contents  of  previous  level  of  signal. 

8.2  Terminologies  used  in  Sequential  System  : _ 


Before  we  start  study  of  sequential  system,  it  is  necessary'  to  introduce  few  new  terminologies,  to 
describe  sequential  systems  more  easily. 

8.2.1  CLOCK  (CLK)  -  A  Timing  Signal : 

Timing  Signal  : 

The  main  kev  control  in  synchronous  sequential  circuit  is  clock  signal. 

Characteristic  of  Clock  : 

CLK  has  a  regular  waveform  that  repeats  once  every  T  seconds,  where  T  is  the  clock  period  or 
cycle. 

Normally  CLK  lias  50%  duly  cycle.  Therefore,  ratio  T j/T  is  around  0.5. 
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Flip-Flop 


Triggering  edge 


of  flip-flops 

« - T  — 

— ► 

Clock  CLK  1 

\ 

\ 

■  V 

4-T0_*| 

T, 

4- 

ru 

0 

Cycle  i-1 

Cycle  I 

Cycle  i  +  1 

Cycle  i  +  2  [ 

->  Time  t 


(a) 

High  level  Low  level 


Rising  edge  Falling  edge 
(Positive  edge)  (Negative  edge) 


(I)) 


Fig.  8.2  :  CLOCK  signal  and  CLOCK  edges 

During  each  CLK  period.  CLK  exhibits  positive  edge  and  a  negative  edge.  Either  of  the  edge 
changes  state  of  the  circuit. 

Normally  it  is  convenient  to  design  CLK  such  that  it  begins  at  one  triggering  edge  and  ending  at 
the  next.  In  Fig.  8.2.  it  is  shown  that  clock  cycle  begins  and  ends  at  negative  (falling)  edge  of  the 
CLK. 

Here  question  conies,  why  we  name  it,  as  positive  and  negative  edge  ? 

Friends,  recall  differentiator  circuit  and  tty  to  answer  what  will  be  the  output  of  the  differentiator 
when  CLK  input  is  given.  Answer  is  graphically  represented  in  Fig.  8.3. 


Fig.  8.3 


8.2.2  State  : 

Slate  represents  what  is  stored  in  memory.  It  is  stored  in  binary  devices. 
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Flip-Flop 


Behaviour  of  sequential  circuit  is  defined  by  the  relationship  between  its  input  and  output  signals.  In 
combinational  circuit,  we  use  to  prepare  truth  table.  But  in  sequential  circuit,  if  we  describe  behaviour  of 
it.  we  have  to  list  all  possible  inpul/outpul  sequences  that  can  be  applied  to  the  circuit.  Because  there  is  an 
infinite  number  of  such  sequences  and  sequence  can  be  of  arbitrary  length.  Such  an  explicit  truth  table  like 
listing  is  impractical,  even  for  simple  circuit. 

To  deal  with  this  infinity  of  input/output  sequences,  we  observe  that  number  of  combinations  of 
primary  input  and  internal  stale  values  is  finite. 

Lets  say  if  we  have.  n  - >  Input  variables  X 

p  — -»  Stale  variables  Y 

then  2n  p  - >  Number  of  different  X.  Y  combinations. 


i  .ic  time  sequence  of  input,  output  and  flip  Hop  stales  ma\  be  enumerated  in  a  slate  table.  (Actually 
switching  circuit  theory  books  call  this  table  a  transition  table). 

The  generalised  format  for  stale  table  is  shown  in  Fig.  8.4. _ _ 


Previous 

state 

Next  state 

Output 

X 

=  0 

x  = 

1 

x  =  0 

x  =  1 

A  B 

A 

B 

A 

B 

V 

V 

0  0 

0 

0 

0 

1 

0 

0 

0  1 

1 

1 

0 

1 

0 

0 

1  0 

1 

0  ' 

0 

0 

0 

1 

1  1 

1 

0 

1 

1 

0 

0 

Fig.  8.4  :  Generalised  format  for  state  table 


Note  :  (1)  A  and  B,  are  state  variables. 

(2)  x  is  input  variable 
_ (3)  y  is  single  output. _ 


State  table  consists  of : 

(1)  Present  State 

(2)  Next  Slate 

(3)  Output.  _ 


Present  state  :  It  designates  the  stales  of  flip  flop  before  the  occurrence  of  a  clock  pulse. 
Next  state  :  It  designates  the  states  of  flip  flop  after  occurence  of  clock  pulse. 
Output _ :  This  section  lists  out  values  of  output  variables  during  the  present  state. 


Both  the  next  state  and  output  sections  have  two  columns,  one  for  x  =  t)  and  the  other  for  x  =  1.  The 
derivation  of  the  slate  table  starts  from  an  assumed  initial  state.  The  initial  stale  for  most  practical 
sequential  circuits  assumed  to  be  o's.  because  of  power  ON  reset.  It  is  also  possible  to  have  slate  other  than 
'()'.  But  it  depends  upon  sequential  circuit.  Normally,  slate  table  contains  all  the  circuit’s  input/outpul 
sequences  in  implicit  and  finite  form. 
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_Dj£ital_ 

8'2  4  sta,e  Diagrams  : 

be  rco«“T,i0n  aVai'nblc  in  sl®  table  may 
cprcsenicd  graphically  in  slate  diagram. 


Flip-Flop 


Intcmal  state  is  represented  by  a  node  or  "<"> ' 


Or 


X/y 


■>  Q 


(n+1) 


>  Primary  input 
- ►Output 


a  circle 

Arrows  between  the  nodes  define  state 

transition.  Present  state  Next  state 

Each  state  transition  arrow  is  labeled  F,g*  8,3 

vith  primary  input  and  output  signals  associated  with  the  trr 
same  is  X/y. 

X/  v 


transition.  Normal  way  of  writing  the 


/ 

Output  during  present  state 

(Input  va 

ue  that  causes  the  state  transition  (primary  input).  | 

Slash  serve  to  separate  input  from  output. 

Let's  refer  Fig.  8.6  as  an  example  for  state  diagram 


(a)  State  diagram  (An  example) 


0/0 

51  =  binary  state  0  0 

52  =  binary  state  0  1 

53  =  binary  state  1  0 

54  =  binary  state  1  1 


Important  Points  : 

(a)  Directed  line  from  state  00  (Sj)  to  state  01  (S2)  is  labeled  1/0.  It  means  that  sequential  circuit  is 
in  a  present  state  00  (S,).  While  input  is  T  and  output  state  is  'O',  on  the  termination  of  next 
clock  pulse,  circuit  goes  to  next  state  01  (S2). 

(b)  A  directed  line  connecting  to  a  circle  itself,  indicates  no  change  in  the  state  of  the  sequential 
circuit,  for  that  particular  input. 

(c)  The  arrow  marked  RESET  indicates  that  the  state  it  enters  is  the  circuit’s  initial  or  reset  state. 
Because  it  is  an  asynchronous  signal  and  may  be  applied  in  any  state,  RESET  is  drawn  coining 
from  nowhere  in  particular. 

(d)  One  can  have  multiple  inputs  and  multiple  outputs. 
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(c) 

(0 


I  licit  must  be  one  path  from  each  slate  for  each  possible  input  combination. 

Sometimes,  the  same  next  state  is  readied  forbotli  input  combinations.  It  means  that  irrespective 
°1  input,  for  next  clock,  simply  change  the  state.  In  such  situation  input  will  be  don’t  cure 
Fig.  8.7  depicts  the  same. 

r  ?/o-! 

!_0{9_r — ►X/O 


Fig.  8.7  :  Don’t  care  condition  in  state  diagram 

(g)  Sometimes,  user  doesn't  require  any  output.  In  such  case,  output  will  be  don't  care. 

(h)  If  input  variablc(s)  and  output(s)  ;  both  arc  don't  care  (  X  ),  circuit  will  simply  switch  over  from 
one  stale  to  another,  after  each  clock  transition. 

Note  :  This  type  of  sequential  circuit,  which  simply  switches  over  to  next  state  irrespective  of  inputs), 
_ .. _ is  nothing  but  a  counter  circuit.  The  same  we  will  study  in  next  chapter. _ 


8.2.5  State  Equation  : 


Note  :  Basically  there  is  no  difference  between  state  diagram  and  state  table,  except,  manner  of 
representation.  The  state  table  is  easier  to  derive  from  given  logic  diagram  and  the  state 
diagram  follows  directly  from  a  state  table.  State  diagram  is  sometime  used  as  initial  design 
specification  of  a  sequential  circuit.  As  state  diagram  is  graphical  presentation,  it  provides 
| suitability  for  human  interpretation  of  the  circuit  operation. 

Slate  equation  describes  conditions  for  flip  flop  state  transition  in  algebraic  form.  The  left  side  of  the 
equation  denotes  next  state  of  the  flip  flop.  The  R.H.S.  part  of  equation  defines  boolean  function  that 
specifics  the  present  stale  conditions  that  make  the  next  state  equal  to  1.  For  example, 

A  (n  +  I)  =  (AB  +  AB  +  AB)  x  +  ABx  ...(1) 

s 

Next  state  Present  state  and  inputs 

State  equation  is  also  referred  as  application  equation. 

Normally  state  equation  is  derived  from  state  table.  If  you  observ  e  Equation  (1).  you  can  conclude  that 
state  equation  is  similar  in  form  to  flip  flop  characteristic  equation,  only  difference  is  state  expression 
defines  next  state  in  terms  of  external  input  variables  and  other  Hip  flop  values.  Secondly,  state  equation  is 
boolean  function  with  time  included.  Next  state  depends  upon  R.H.S.  part  of  state  equation. 

If  RHS  part  is  equal  to  'O'  and  clock  is  given,  next  state  =  0. 
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If  RHS  part  is  equal  to  T  and  clock  is  given,  next  state  =  1. 

There  are  always  two  pluses  of  operation  i.c.  Analysis  and  Synthesis.  In  analysis,  we  find  state  table, 
state  diagram  for  a  given  sequential  circuit ;  whereas  in  synthesis,  for  a  given  statement  or  state  diagram, 
'vc  design  sequential  circuit. 

^ nor  Gate  Latch  :  [S  -  R  Flip-Flop  ] : 


0 


o  C 


?■!  D 


s 

R 

Qn  +  1 

0 

0 

NC  (Qn) 

NC  (Qn) 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

RACE 

RACE 

->  Reset 
— >  Set 

1 


Fig.  8.8(b)  :  Truth  Table 


Note  :  Qn  =  Previous  state  ;  Qn+1  =  Next  state. 


Refer  Truth  table  of  NOR  gate  as  well  as  Fig.  8.8(a). 
Working  : 


Case  I :  (i) 


(ii) 


S  =  R  =  0.  Previous  state  of  Q  =  0  and  Q  =  1 . 

\\  Input  to  NOR1  is  R  =  0,  Q  =  1. 

.*.  Input  to  NOR2  is  S  =  0,  Q  =  0. 

So  wl  conclude  that  output  docs  not  change. 

S  =  R  =  0.  Previous  state  of  Q  =  I,  Q  =  0 

.•.  Input  to  NOR1  is  R  =  0,  Q  =  0. 

.•.  Input  to  NOR2  is  S  =  0,  Q  =  1. 


Q  =  0. 
Q=l. 


Q=1 

Q  =  0.  Again  no  change  in  output 


Conclusion  :  .When  S  =  R  =  0,  Next  state  (Qn+ ,)  =  Previous  state  (Qn). 


Case  II :  (i)  S  -  0,  R  -  1,  Qn  1,  Qn  0 

...  Input  to  NOR1  is  R  =  1,  Qn  =  0,  means  Q  will  change  from  1  to  0.  Qn  , ,  =  0. 

Now  input  to  NOR2  is  S  = ,Q',  Qn  + ,  =  0,  Qn  will  change  from  0  to  1,  .*.  Qn  * ,  =  1. 

Again  go  through  the  chaired 

Now,  Input  to  NOR1  is  R  =  1,  Qn  +l  =  U  Qn+  \  =  0. 

Input  to  NOR2  is  S  =  0,  Qn+  { =  0,  /.  Qn+ ,  =  1.  means  circuit  reached  to  stable  state, 
(ii)  S  =  0,  R  =  1,  Qn  =  0,  Qn  =  1. 

As  seen  in  above  case  Qn  =  0,  Qn  =  1  is  stable  state  when  S  =  0,  R  =  1. 
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•••  Q..r°<?..r  1 _ 

.  i  | 

Conclusion  :  When  S  =  0.  R  =  1.  irrespective  of  previous  state.  Qn  t  i  =  0.  Qn ,  ,  =  1.  This! 
_ state  is  'RESET  state  of  circuit, _  I 

Case  III : 


(0  S  =  1.  R  =  0.  Qn  =  0.  Qn  =  1 


Input  to  NOR1  is  R  =  0. 

Q 

=  1  ; 

produces  Q  =  0 

Input  to  NOR2  is  S  =  1, 

Q 

=  0. 

Q  will  change  front  1  to  0, 

Qn  +  1 

=  0 

=  Q 

Input  to  NOR1  is  R  =  0. 

Q 

=  0. 

Q  will  change  from  0  to  1. 

■  Qn  + 1 

-  1 

=  Q 

Now  input  to  NOR 2  is  S  = 

:  1 

and  Q 

=  1. 

.-.  Q  =  0. 

Input  to  NOR1  is  R  =  0. 

Q 

=  0.  . 

•  Q 

=  l. 

Means  circuit  reached  to  stable  state.  Qn  + ,  =  1.  Qn  +  ,  =  0. 

(ii)  S  =  1,  R  =  0,  Qn  =  1,  Qn  =  0. 

As  seen  in  above  case  Qn  =  1,  Qn  =  0  is  stable  state  when  S  =  1,  R  =  0. 

Conclusion  :  When  S  =  1,  R  =  0,  irrespective  of  previous  condition  Qn  +  ,  =  1. 

Qn  +  ,  =  0.  Tins  state  is  'SET  state  of  the  circuit. 

Case  IV  :  When  S  =  1.  R  =  1.  we  know  the  fact  that  when  either  of  the  input  to  NOR  gate  is  1.  output 
of  gate  is  0.  Tills  condition  leads  us  to  'RACE'  condition  of  the  circuit.  It  means  both  the 
outputs  will  tiy  to  reach  logic  1;  and  therefore,  this  state  is  ambiguous  or  undefined.  Normally 
referred  as  RACE. 

State  table 


For  SR  FF,  we  have  two  inputs,  i.e.  S  and  R.  Q  output  represents,  state  of  FF.  As  Q  is  single  output, 
there  will  be  two  states  i.e.  0  and  1.  Note  that  Q  is  simply  inverted  output  of  Q.  Therefore  not  treated  as 


Present  State 

Next  state  Q  (n  + 1) 

Q(n) 

o 

o 

II 

DC 

C/5 

_ 

SR  =  01 

SR  =  10 

SR  =  11 

0 

0 

0 

1 

Race 

1 

1 

0 

1 

Race 

Table  8.1  :  State  table  for  SR  FF 


Race  condition  cannot  be- shown  or  predicted 
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Flip-Flop 


Fig.  8.9  :  State  diagram  of  SR  FF 


Previous  state  (Q(n))  to  Next  state  (Q(n  +  1)  If  S 

R 

0 

0 

0 

X 

0 

1 

1 

0 

1 

0 

0 

1 

1 

1 

X 

0 

Table  8.2  :  Excitation  table 


Read  the  table  as  given  below, 

If  previous  state  is  Q(n)  then  to  switch  over  to  next  state  i.e.  O  (n  +  1)  input  S  and  R  should  be 
Q(n  +  i). 

For  example,  if  previous  state  is  0,  then  to  switch  over  to  next  state  1,  input  S  and  R  should  be  10 

[S  =  1,  R  =  0], 

The  above  Table  8.2  is  referred  as  excitation  table. 


State  Equation 


For  SR  FF,  the  state  equation  is. 


Q(n  +  1)  =  S.  +  R  Q(n) 


8.3.1  Nand  Latch  : 


Fig.  8.10(a) :  Nand  latch 


R  On 


s 

R 

Qn+  1 

Qn+  t 

0 

0 

RACE 

RACE 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

NC  (Qn) 

NC  (Q„) 

Fig.  8.10(b):  Truth  Tabic 


->  Reset 
-» Set 
Inactive 
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T  lie  way  we  have  analysed  NOR  latch,  you  can  analyse 
i  AND  latch  and  prove  the  truth  table  shown  in  Fig.  8. 10(b).  j/ps 


s 

Q 

SR  FF 

R 

73 

Flip-Flop 


•O/Ps 


8.3.2  Level  Clocking  : 

As  mentioned,  sequential  circuit  requires 
timing  pulses,  i.e.  clock.  Clock  is  nothing  but 
pulses  generated  from  oscillator.  Logic  level 
toggles  from  1/0  and  0/1.  Normally,  50%  duty 
cycle  is  preferred.  Refer  Fig.  8. 12. 

Level  clocking  means  FF  responds  either  on 

11/1^ _ 1  -  r  /">T  t  y  - - 


Fig.  8.11  :  Symbol  of  simple  SR  FF 
fc*  [ASKED  IN  EXAM  -  DEC.  97  !!!  ] 


HIGH  level 

-o  CLK  -l/lrjl 

LOW  level 


Fig.  8.12 


cioctung  means  FF  responds  either  on 

LOU  lc\  cl  of  CLK  ox  HIGH  level  of  CLK.  HIGH  level  clocked  is  termed  as  positive  level  clocked.  LOW 
level  clocked  is  termed  as  negative  level  clocked. 

8.3.3  Clocked  Nand  Latch  : 


S 

Q 

CLK  SR  FP 

R 

75 

(b)  Symbol 


Fig.  8.13  :  Simple  SR  latch 
Truth  Table 


Inputs 

Outputs 

CLK 

s 

R 

Qn+  1 

Qn  +  1 

o  n_n 

X 

X 

NC  (Qn) 

NC(Q„) 

i  (_ru 

0 

0 

NC  (Qn) 

NC  (Qn) 

i  (_n_) 

Q 

1 

0 

1 

1  ( J~L ) 

1 

0 

j. 

0 

i  ( _n_ ) 

1 

1 

RACE 

RACE 

J" 

1. 


=  HIGH  level 
'  =  LOW  level 


Table  8.3  :  Truth  table  of  level  triggered  SR  FF 
Let's  analyse  the  circuit  behaviour  and  verify  truth  table. 
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Refer  truth  table  of  simple  SR  FF  (Fig.  8.13(b)).  when  CLK  level  =  0  irrespective  of  S  and 

R  input  S  -  R  =  1.  Therefore  Qn  and  Qn  will  not  change.  Qn .  ,  =  Qn.  Qr  .  ,  =  Qr. 

When  CLK  =  1.  S  =  0.  R  =  o. 

Output  S  -  1  and  R'  =  1.  Therefore  again  Q  and  Q  will  not  change. 

Qn>i  =  Qn.Q„M  =  Qn 

Case  III :  CLK  =  1.  S  =  0.  R  =  i. 

S'  =  0.  R'  =  1.  Therefore  Qn+  ,  =  0.  Qn  + ,  =  1.  This  condition  is  ' RESET  condition. 

Case  IV  .  CLK  -  1,  S  =  1,  R  =  0.  .*.  S'  =  1.  R'  =  0.  Qn  , ,  =  1.  Q  =  0.  This  condition  is  SET 

condition. 

> 

»CLK  =  1.  S  =  1,  R  =  1.  S'  =  0,  R'  =  0.  /.  R/[CE  condition. 


Case  V 


For  low  level  or  negative  clocked  SR  FF.  insert  an  inverter  at  CLK  input  as  show  n  in  Fig.  S.  14 

o 

-oQ 

J1TL  ^ 

;o — p>o — 4i 


s 

Q 

CLK  SR  FF 

R 

n 

->  Bubble  represents  LOW 
level  triggering 


(a)  Low’  level  clocked  SR  FF 


(b)  Symbol 


Fig.  8.14 


Ex.  1  :  Draw  output  waveform  for  following  input  signals 


CLK- 


jiJTiTLnjTJijmrLn 


Soln. : 


R 


Q- 


11 


1 


(Initially  Q  is  considered  at  0  level) 


Fig.  Ex.  8.1 

8.3.4  Edge  Triggered  Nand  Latch  :  [ASKED  IN  EXAM  -  DEC.  97,  98,  JUNE  S9  m  ] 

In  previous  discussion  we  saw  that,  when  there  is  HIGH/LOW  level  of  the  CLK.  depending  upon  SR 

input,  output  Q  and  Q  changes.  But  our  requirement  is  such  that  FF  should  respond  only  when  CLK 
changes  the  state,  i.e.  either  on  rising  edge  or  on  falling  edge.  Fig.  8.15  depicts  edge  triggered  SR  FF. 

_ _ _ • 
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Fig.  8.15 

As  show  n  output  of  differentiator  is  differentiation  of  CLK  pulses.  Time  duration ’t*  depends  upon  RC 
time  constant.  Vout  pulses  are  Sharp  spikes  of  height  approx.  (±  Vcc). 

One  has  to  clip  negative  pulse  and  give  the  clipped  output  to  common  terminal  of  NAND  latch  as 


Fig.  Ex.  8.2 
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unpredictable  In  .S"PP'  '*S".ilcl’cli  on' 1,10  s,alc  °r  circuit  is  uncertain.  Output  is  set  or  reset,  that  is 
Ins  to  consider  initi'T  '1PP  !C!Ul0n<s)'  ’lscr  want  Q  *»  he  very  specific  cither  SET  or  RESET.  Therefore  one 

Preset  fatso  cation  r  c0nd  ,Jon  a*so-  JIow  to  accomplish  required  initial  condition  ?  Solution,  is  to  use 
•  (also  called  d.reet  set)  and  clear  (also  called  as  direct  reset)  terminal. 

Preset  and  clear  inputs  can  be  given  in  two  ways  : 

U)  Synchronism  with  CLK  (called  synchronous  Preset/clear) 

(2)  Asynchronistu  with  CLK  (called  asynchronous  Prcsct/clcar) 


^Asynchronous  Preset  mid  Clear 


9  Preset  (Pr) 


Q 

Q 

O 

CLK 

O - — 

SR  FF 

D 

T*, 

r\ 

6  Clear  (Cr)  (CLR) 


(a)  SR  FF  with  preset  and  clear 


(b)  Symbol 


Fig.  8.16 


Input 

Out 

)UtS 

Pr 

Cr 

CLK 

s 

R 

Qn+  1 

Qn  +  1 

0 

0 

■  X 

X 

X 

RACE 

RACE 

0 

1 

X 

X 

X 

1 

0 

1 

0 

X 

X 

X 

0 

1 

1 

1 

0 

X 

X 

NC 

NC 

1 

1 

1 

0 

0 

NC 

NC 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

RACE 

RACE 

Tabic  8.5  :  Truth  Tabic  of  SR  FF  with  preset  and  clear 


\ 
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Digital  8-14  _ _ _ _ _ Flip-Flop 

Let's  analyse  working  : 

(1)  Pr  =  Cr  =  0.  it  gives  RACE  condition,  because  output  of  NAND3/4  =  1.  So  avoid  this  condition 

(2)  P  =  1.  Cr  =  0.  This  is  RESET  condition  of  FF. 

As  Cr  =  0.  Q  =  1.  As  input  to  NAND3  is  Pr  =  L  Q  =  1  and  output  of  NANDI  is  Q  =  0. 

(-')  Pr  =  0.  Cr  =  1.  This  is  SET  condition  of  FF. 

As  Pr  =  0.  Q  =  1.  As  input  to  NAND4  is  Cr  =  1.  Q  =  1  and  output  of  NAND2  =  1  forces  Q  =  0 
(4)  Pr  =  Cr  =  1.  In  this  condition  SR  FF  acts  as  normal  and  truth  table  matches  with  SR  FF 
without  prcsct/clcar  terminal. 


Synchronous  Preset  and  Clear 


Wc  will  directly  leant  truth  table  for  the  same.  SR  FF  with  prcset/clcar  (synchronous  input) 


Inputs 

Out 

puts 

Pr 

Cr 

CLK 

s 

R 

Qn  +  1 

Qn  + 1 

X 

X 

0 

X 

X 

NC 

NC 

0 

0 

1 

X 

X 

RACE 

RACE 

0 

1 

1 

X 

X 

0 

1 

1 

0 

1 

X 

X 

1 

0 

1 

1 

1 

0 

0 

NC 

NC 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

RACE 

RACE 

Tabic  8.6  :  Truth  Tabic  of  SR  FF 


8.4  D  FF  (Delay  Flip-Flop) : 


To  avoid  possibility  of  iace  condition  in  SR  FF.  we  will  change  the  design  of  FF.  The  resulting  latch 
is  called  'D  latch',  as  shown  in  Fig.  8.17. 


1/Po - 

D  Q 

OFF 

o’) 

71 

O/P 


(b)  Undocked  D  latch 


Fig.  8.17 
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Case  I : 


If  D  0,  R  -  i  and  S  -  0.  Therefore  Q  =  0,  Q  =  I . 

If  D  =  1,  R  =  ()  and  S  =  1.  Therefore  Q  =  1.  Q  =  0, 
£HLQ..c^an3es  as  D  changes,  irrespective  of  previous  state. 


ab°' c  anal>  s*s,  \\e  conclude  that  there  is  no  possibility  of  occurring  S  =  R  =  0orS  =  R  =  1 


D  input 

Qn  +  1 

Qn  +  1 

0 

0 

1 

1 

i 

0 

Tabic  8.7  :  Truth  table  of  DFF 

na  \sc  truth  table  shown  in  Table  8.7,  you  will  find  that  Qn ,  ,  is  simply  copy  of  D  input  (data 

input).  So  functionally  D  FF  produces  output  which  is  equal  to  input  but  with  some  'Delay'.  Therefore  it 
is  called  as  delay  FF.  Most  widely  used  in  computer  system. 

Nowwc  will  see  clocked  (level  and  edge  triggered)  D  FF.  For  you.  it  is  self  explanatory. 


D  I/Pa 


CLK» 


D 

CLK  D  FF 

Q 

Q 

Fig.  8.18  (a) :  Level  triggered  D  FF 


Fig.  8.18  (b)  :  Symbol 


In 

)Ut 

Output 

CLK 

D 

Qn  +  1 

Qn  +  1 

0 

X 

NC  (Qn) 

NC  (Qn) 

1 

0 

0  ^ 

1 

1 

i 

1 

0 

Fig.  8.18(c)  :  Truth  Table 


I/Po- 


Fig.  8.19(a) :  Edge  triggered  D  FF 


Fig.  8.19(b) :  Symbol 
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Flip-Flop 


Digital 


State  table 


State  diagram 


Input 

Output 

CLK 

D 

Qn  +  1 

Qn  +  1 

0 

X 

NC 

NC 

1 

X 

NC 

NC 

1 

X 

NC 

NC 

T 

0 

0 

1 

t 

1 

1 

0 

Fig.  8.19(c) :  Truth  table 


Present  State 

Next  State 

Q(n) 

D  =  0 

D  =  1 

0 

0 

1 

1 

0 

1 

Table  8.8  :  State  table  for  D  FF 


1 


Fig.  8.20  :  D  FF  state  diagram 


Previous  state  1 

o  Next  state  I 

f  D 

0 

0 

0 

0 

1 

1 

1 

0 

0 

1 

1 

1 

Table  8.9  :  Excitation  table  for  D  FF 


State  equation 

Q  (n+  1)  =  D 

^"JTDraw  output  waveform  for  given  D  input,  for  positive  edge  triggered  D  FF. 
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Flip— Flop 


Soln. : 


CLK 


D 


QO/P 


1 61  CLK 


2nd  CLK 


->◄ 


3rd  CLK 


i- 


n _ m_n 


i'i 


/ 

Initially 
Q  =  0  D  =  0  at 

rising  edge 


Q  =  0 


1*2 

D  =  1  at 
rising  edge 

Q  =  1 


1*3 

D  =  0  at 
rising  edge 

.'.  Q  =  0 


Fig.  Ex.  8.3 


Available  D  FF  chips  are 


(1)  Positive  edge  triggered  D  type  FF  -  IC  7474 

(2)  Positive  level  triggered  D  type  FF  -  IC  7475  (transparent  latch) 

(3)  Quad  D  flip-flop  with  clear  -  IC  74175 

(4)  Octal  D  latch  -  IC  74373 _ 


8.5  Flip-Flop  Timing  Consideration  : 


Manufacturer  of  flip-flop  IC  will  specify  several  important  timing  parameters  and  characteristics  that 
must  be  considered  before  FF  is  used  in  any  circuit. 

For  explaining  the  same  we  will  use  D  FF. _ 


D  input  0 -  tgetupQs) 

*hold  ( *h  ) 

1 — 

— wi 

(r~ - V 

!  I  1 _ _ 

CLK  - ; - 

1 

i 

i 

1 

i_l  . 

i 

i 

Q  - I 

i 

i 

l 

*2  *3 


ts  =  Setup  time 

tp  =  Propagation  delay 

th  =  Holdup  time 


Fig.  8.21 


Propagation  Delay  (Refer  Fig.  8.21)^ 


pp.»giinun  uuu.t 

■TCr^r^^^Ki  transistors.  Transistor  is  operated  either  in  saturation  or  cut  off.  Transistor 
IC  -,-h  from  saturation  to  cutoff  or  V.V.  Same  way  diode  also  takes  small  lime  to  turn 

time  is  in  nanosecond.  But  is  main  cause  for  propagation  delayU^ - 

for  output  of  gate  or  FF  to  change  slate  after  the  input 

DCfi  '  nr  riJC  edge  hits.  Typical  value  -  10  -  20  q  gc, - :  ,  — . 

- digital  circuit  used  in  high  speed  circuit.  Propagal.on  delay  is 

measured  for  both,  LOW  to  HIGH  and  HIGH  to  LOW  transition. 
tp  =  t3  -  t2 
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Digital 
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Flip-Flop 


PLH 


lPHL 

*PLH 


From  CLK  to  Q 
From  CLK  to  Q 


PRE  toQ 


t, 


PHL 


CLR  to  Q 


(LH  ->  LOW  to  HIGH) 
(HL  -»  HIGH  to  LOW) 

PRE  -  Preset 


CLR  -  Clear 


Setup  Time  (tt)  (t,rtut>)  [  [ASKED  IN  EXAM  -  DEC.  99,  DEC.  98  !!!  ] 

The  setup  time  (t2  - t,)  is  the  minimum  length  of  time  input  should  be  present  before  CLK  edge 
arm  cs.  1  he  main  cause  of  setup  time  is  stray  capacitance  at  the  input  side.  If  this  time  requirement  is  not 
met.  the  FF  may  not  respond  reliably  when  CLK  edge  arrives.  Typical  timing  is  from  5  to  40  q  sec. 

HoldujrTimc  (t„)  (tho|d)  ]  [ASKED  IN  EXAM  -  DEC.  99,  DEC.  98  '.!!  ] 

The  holdup  time  (t4  -  t^)  is  minimum  length  of  time,  input  must  be  present  after  CLK  edge  has 
struck.  The  main  cause  of  holding  input  is  because  of  switching  time  of  internal  transistors  and  diodes.  If 
this  time  is  not  met.  one  cannot  assure  about  switching  of  internal  circuit  and  FF  will  not  work  properly. 
Typical  holdup  time  is  ranging  from  0  to  10  q  sec. 


Maximum  CLK  Frequency  (f  ) 


^max  "to  ♦  +  ♦  +  t 

lsetup  lpd(FF)  lns 

where,  tc  =  Clock  period 

tns  =Propagation  delay  of  next  state  decoder 


t, 


setup 


= Setup  time 


tpd  (FF)  =Flip  flop  propagation  delay 


fc  •• 


This  is  the  maximum  CLK  frequency  that  can  be  applied  to  CLK  input  of  FF,  for  proper  and  stable 
operation. 

1 


Scanned  by  CamScanner 


Clirv-HOt 


,  Fig.  8.23 

As  shown  m  Fig.  8.23(a)  NAND  3/4  fomis  simple  SR  FF.  Inputs  to  the  NANDI  are  J,  Q  and  CLK 
(edge).  Inputs  to  NAND 2  are  K,  Q  and  CLK  (edge).  Now  let's  see  how  JK  FF  works  and  derive  truth  table. 

Case  I  .  When  CLK  is  at  HIGH  or  LO  W  level,  output  Q  and  Q  remains  in  previous  state.  Because 

NAND  1/2  produces  T  output,  irrespective  of  Q,  Q,  J  and  K  inputs,  as  input  to  NAND  1/2 
is  'O',  after  differentiator  circuit. 

Case  II  :  When  CLK  =  -i  i.e.  falling  edge,  output  Q  and  Q  are  unchanged. 

Case  III  :  When  CLK  =  T  and  J  =  0,  K  =  0, 

S'  =  R'  =  1.  /.  output  does  not  change. 

Conclusion  :  Above  three  cases  are  called  Inactive  condition  of  JK  FF 
Case  IV  :  CLK  =  T,  J  =  0  and  K  =  1. 

Let's  consider  previous  state  of  Q  =  1  and  Q  =  0 
R'=  J-Q-CLK  =  0-0-1  =  1. 

S'  =  K  •  Q  •  CLK  =  1-1-1  =  0. 


! 


1 


1 


/.  Q  changes  from  1  to  0.  Q  =  0,  Q  =  1  (Refer  Table  8.8(b)  of  SR  FF).  We  will  again 
start  analysis  because  Q  and  Q  has  been  changed. 

Now,  R‘  =  J  •  Q  •  CLK  =  0-1-1  =  1 

S'  =  K  •  Q  •  CLK  =  1-0-1  =  1 


Q  and  Q  will  remain  unclianged  unless  and  until  next  JK  input  is  given  with  CLK.  This 
state  is  stable  'RESET'  condition  of  JK  FF. 

Conclusion  :  When  J  =  0,  K  =  1  and  CLK  hits,  irrespective  of  previous  condition,  Q  =  0 
and  Q=l. 
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Case  V 


Case  VI 


:  CLK  =  T  i  IT77~ - - - - - - _ F|IP~FI°P 

1  • J  -  L  K  =  o 

Ul  s  raiKidc  prco,,,  stale  of  Q  =  (>  and  Q  =  I 

R' “  J^Qj_cu^  =  TTT  =  0 

s  K  *  Q  •  CLK  =  ^ToTJ  =  1 
Q  changes  from  0  to  l  Q  =  1.0  =  0 

Nmv  r'  =  I^c^=TT^7  =  1 
_ s’ =  =  1TTT  =  i 

Condition1- rCn,n,n  UIKhangcd  This  slalc  is  stablc  'SET  condition  of  JK  FF. 

When  J  -  1,  K  =  0  and  CLK  hits,  irrespective  of  previous  condition  Q  =  1 

and  Q  =  o. 

:  When  CLK  =  T  j  =  v  =  ,  . 

;a  _  _r  ’  ^  t,11s  condition  is  more  interesting.  Here  \vc  arc  going  to 

consider  2  CLK  pulses. 

(0  Let's  say  previous  condition  of  Q  =  1,  Q  =  0 

•••  R’  -  J  Q.CLK  =  ~To^T  =  1 

•••  S'  =  K.Q^uT  =  1  •  l  -  r  =  0 

Q„  +  ,-OandQ77  =  l(Qntl=Qn>Qiiti=T  =  o) 

(it)  Now  let's  say  previous  condition  of  Q  =  0.  Q  =  I  (If  you  note  Qn  ,  of  (i)  =  Qn). 

R'  =  J  •  Q  •  CLK  =  •  l  •  1  =  o 

•••  S'  =  K  •  Q  •  CLK  =  1-0-1  =  1 

Qn  +i  =  1.  Qn+  i  =0  (Qn+1  =  Qn  =  0=  1) 


From  above  two  cases  (i)  and  (ii)  we  conclude  that  when  J  =  K  =  1  and  CLK  hits  Q  =  q  (means 
output  toggles). 

Conclusion  :  This  condition  of  JK  FF  gives  us  TOGGLING  mode.  Now  let's  summarize  everything 
and  make  truth  table  : 
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I 
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I 


pioitm 

| Stntc  (able 


State  diagram 


Fresco  1  state 

Next  state  ()  (n  t  1) 

0(o) 

•IK  **  00 

.IK  01 

JK  "  10 

JK  11 

0 

0 

0 

1 

1 

l 

1 

0 

1 

0 

'ruble  H,  10  :  State  table  for. IK  flip-flop 


Previous  slate  (o  Next  stale  If 

.1 

K 

0 

0 

1 

1 

\J 

0 

1 

0 

1 

X 

X 

X 

X 

l 

0 

Fable  H.l  1  :  Excitation  (able  for  JK-FF 


Fi}».  Ex.  H.4 


Fit*.  Ex.  8.4(a) 


T  • '  rr«f  T  Ti  •  *•  »-• 

. 

■  ,  f  |  1  . 

Scanned  by  CamScanner 


r 


-Digital. 

.  When  j  =  v  ~  . 

Initially  Q  =  o  ‘  °Utpul  Q  t0^lcs- 
When.  ist 
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Flip-Flop 


CLK  edge  hits 
CLK  edge  hits 
3rii  CLK  edge  hits 


2nd 


the  chain  will  repeat. 


QnM=Qn 

Qn+,=Qn 

Qn*,=Qn 


Qn*.=0=1«,) 

Qn+.  =T  =  0(L) 

Qn  +  1  “  0  “  1 

T*li  r  —  ■  '■'I'vui. 

^  C)  of  the  Q  output  is  F/2.  Therefore  this  circuit  is  called  as  +  2  circuit. 


Race  Condition  in  JK  FF  (Race  Around  Condition)  : 

^  [ASKED  IN  EXAM  -  DEC.  96,  MAY  97,  DEC.  97  !!!  ] 


going  to'belnv^if1^^' .d,“usslon  011 JK  pF  directly  with  positive  edge  triggered  type. 
phenomena  '  IS  CVC*  tr'^crccI  '■  Idere  we  arc  going  to  see  interesting  RA 


But  how  JK  is 
RACE  AROUND 


Remember  three  important  points : 

(1)  When  J  =  K  -  1,  JK  FF  output  Q  toggles 


(2)  When  FF  is  level  triggered.  FF  is  active  till  active  level  is  present 
_(3)  Output  Q_nnd  Q  is  fed  back  to  input  NAND  gate  in  JK  FF, 


Refer  Fig.  8.23(a)  (Remove  differentiator  circuit,  then  analyse).  Draw  output  Q  when  J  =  K  =  1  for 
level  triggered  JK  FF. 


CLK 


-F 


Q 


in . rir- 

.'R  i 


Racing  or  continuous  toggling 
or  unwanted  train  of  pulses 


Fig.  8.25 

Let’s  consider  initially  Q  =  0.  So  when  CLK  =  1,  Q  changes  state,  Q  =  1.  Now  new  state  of  Q 
propagate  through  NANDI,  NAND2  and  will  get  settled  and  satisfy  setup/hold  up  time  for  NAND2/3.  The 
total  time  of  propagation  is  represented  as  t  in  Fig.  8.25.  After  time  t,  as  CLK  =  J  =  K  =  1.  Q  again 
toggles.  /.  Q  =  0.  This  chain  will  continue  till  CLK  =  0. 

We  arc  going  to  get  unwanted  train  of  pulses  when  CLK  =  J  =  K  =  1.  This  is  drawback  of  level 
triggered  JK  FF. 

But  if  user  wants  level  triggered  JK  FF  without  racing,  then  the  answer  is  MASTER  SLAVE  JK  FF. 


8.7  Master  Slave  JK  FF  (M/S  JK  FF) : _ 

[ASKED  IN  EXAM  -  DEC.  96,  MAY  98, 11!  ]  * 

Fig  8.26  shows  M/S  JK  FF  which  is  combination  of  two  clocked  latches;  first  is  called  as  Master 
and  second  is  called  as  Slave.  Master  is  positively  clocked  and  slave  is  negatively  clocked  i.e. : 

(1)  When  CLK  =  1  Master  is  active,  slave  is  inactive 

(2)  When  CLK  =  0  Master  is  inactive,  slave  is  active. 


Table  8.12 :  State  table  of  TFF 
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Fig.  8.26  :  Master  slave  JK  FF 


Fig.  8.27  :  Symbol 


Inputs 

Outputs 

CLK  J 

K 

Qn  + 1 

Qn  +  1 

X  0 

0 

Qn  (NO 

Qn  (NC) 

__Tl _  () 

1 

0 

i 

_n_  i 

0 

l 

0 

_n_  i 

1 

Toggle  (Qn) 

Toggle  (Qn) 

Fig.  8.28  :  Truth  Table 


I1' CLK  period 

4 

2"*CLK  period 

■*“" - - - ► 

Master  active 

Slave  active 

Master  active 

Slave  active 

(  CLK  =  1  ) 

(  CLK  =  0) 

(  CLK  =  1  ) 

(  CLK  =  0 ) 

Fig.  8.29 

You  should  remember  mainly  above  two  points  and  one  more  point  that  whatever  master  does ,  slave 
copies  it,  but  in  next  half  cycle  of  CI.K 

Working 

Case  I :  J  =  K  =  0  Previous  stale  Qn  =  0.  Qn  =  1 

(i)  CLK  =  1,  Master  active.  Slave  inactive 

output  of  Master  FF.S  =  Qn.  R  =  Qn 

(ii)  CLK  =  0,  Master  inactive.  Slave  active 

output  of  Slave  FF,Q  =  Qn .  Q  =  Qn 
Conclusion  :  No  cliange  condition. 
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Case  II 
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Flip-Flop 


J  =  0,  K  =  1 .  Qn  =  1 .  Q„  =  0 
(0  CLK  =  1.  Master  active.  Slave  inactive 

output  of  Master,  S  =  0  R  =  1 

(u)  CLK  =  0.  Master  inactive.  Slave  active 

output  of  Slave.  Q  =  0  Q  =  1  — »  Qn  „  ,  changed  , 
(iii)  CLK  =  1,  Master  active.  Slave  inactive 

output  of  Master.  S  =  0  R=1 

Now  the  state  is  stable  as  (i)  and  (iii)  arc  same. 


(1) 

Edge  triggered  JK  FF 

-  7470 

(2) 

JK  Master  Slave  FF 

-  7472 

(3) 

Dual  JK  M/S  FF 

-  7473 

(4) 

Master  Slave  JK  FF 

-  7476 

(5) 

JK  M/S  FF 

-  74104/105 

(6) 

Dual  JK  positive  edne  trieizcrcd  FF 

-  74109 

8.8  T  FF  (Toggle  FF) 


The  type  1  FF  changes  state  (toggles)  for  each  CLK  pulse,  if  Tinput  =  1.  In  J  -  K  FF.  if  J  =  K  we  get 
type  T  FF.  It  has  only  one  input,  referred  to  as  T  input. 


T  Q 

CLK 

o  < 

>  TFF 

Q 

(b)  Logic  symbol 
Fig.  8.30 


m 

B 

EM 

EMI 

i 

0 

Qn 

Qn 

i 

i 

Qn 

.  Q" 

T 

X 

Qn 

Qn 

l 

X 

Qn 

Qn 

0 

X 

Qn 

Qn 

(c)  Truth  Tabic 


State  tabic 


Previous  state 

Next  State  Q(n  +  1) 

Q(n) 

T  =  0 

T  =  1 

0 

0 

1 

1 

1 

0 

77 


Table  8.12 :  State  table  of  TFF  “ 
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T  =  1 


Fig.  8.31  :  State  diagram  of  TFF 


Present  state  to  Next  state  If  T 

0 

0 

8  0:  i 

0 

1 

:  -  1 

1 

0 

1 

1 

1 

0 

Tabic  8.13  :  Excitation  table  of  TFF 


State  Equation 


i  ii  '0(1  x  >J\ 

.!  •  •'-lo/no'i 

(anril  (!) 

ill  l.ii  lj  •'iii..)f'03  ii>.  i 

:  aortil  Juq)n0  (-) 

c:r*' :  •  ’  '5noO 


Q(n+1)  =  T  •  Q(n)  +  Q(n)  •  T 


Ex.  5  :  Draw  output  waveform  for  Fig.  Ex.  8.5  : 

•  r.m  'jin  s-j 


T=1  o 


CLK  o 


Frquency  F 


Fig.  Ex.  8.5 

Soln.  :  Refer  Fig.  Ex.  8.5(a). 


'  CLK' 


Q 


d 

‘  tin 

rii  nc 

“pr  a; 

i  bn '.rob  1 

'  .  urn; 


t 


,0d  i!i  r 


li/i 


fr;r 


Initially  zero  f) 


0 


0 

0 


Fig.  Ex.  8.5(a) 


8  9  Conversion  from  one  Type  of  FF  to  Another 

■  - ; - - - •  .  .. n . » .  :  I  i  ■ 

■/.»»»'  O  » .  _  •  ..  ,  .Vn 

4Vi, if  we  want  to  convert  one  type  of  FF  to  another  type  of  FF,  there  is  sy 


.  '  l\  • ;  •  i 


the  same 


is  systematic  approach  implementing 
using  K-Map.  Fig.  8.32  shows  generalized  model  for  conversion  from  one  type  of  FF  to  andther. 

\  'Au\  i 


*3  • 
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» 


FF  data  f°" 
input  | 
i-o- 


□ 


FF 

Conversion 

logic 

(combinational 

logic) 


Given 

FF 


T 


Required  FF 


Flip-Flop 


->Q 


Fij>.  8.32  :  General  model  of  conversion  from  one  FF  io  another 

As  shown  in  Fig.  8.32  required  FF  is  combination  of  given  FF  and  FF  conversion  logic.  FF 
comersion  logic  is  nothing  but  combinational  circuit. 

To  design  this  we  require  excitation  table.  Here  one  should  make  truth  table  which  contains 

(1)  Input  lines  : 

This  contains  data  inputs  of  required  FF  and  Q  as  an  input. 

(2)  Output  lines  : 

Consider  input  terminal  of  the  given  FF  as  output. 

For  example,  lets  say  we  want  to  convert  SR  FF  to  D  FF.  than  input  links  will  be  D  and  Q  Output 
lines  will  be  S  and  R.  .-.  Table  will  be 


Inputs 

Outputs 

Q 

D 

S 

R 

Now  depending  upon  input  lines  you  write  down  number  of  states.  Presentlv  input  lines  are  two  (0 
and  D)  ' 

Number  of  states  will  be  4. 

Table  will  be. 


Inputs 

Outputs 

Q 

s 

R 

0 

0 

0 

1 

1 

0 

1 

1 

Now  next  step  is  very  important  you  have  to  ask  question  to  yourself,  that  previous  output  is  this 
(Q),  but  because  of  new  input  (D)  ,  what  will  be  nen'  state  (say  i).  Then  to  change  from  previous 
output  (Q)  to  new  state  (i),  what  should  be  state  of  output  terminals  (Le.  S  and  R). 

The  states  you  can  find  from  excitation  table. 

Let's  take  the  same  example. 

Previous  output  is  1)'  (Q),  but  if  new  input  D  =  0  new  state  will  be  i  =  0 
Transition  is  from  Previous  state  Q  =  0  to  next  state  i  =  0 
S  =  0,  R  *  X  (excitation  table) ;  where  X  =  don't  care  condition 
Previous  output  is  '  O'  (Q)  but  if  new  input  D  =  1,  new  state  will  be  i  =  1. 
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Flip-Flop 


Transition  is  from 
S=  1.  R  =  o. 


pervious  state  Q  =  0  to  new  slate  i  =  1, 


Thus 


you  switch  over  to  next  inputs  and  find  SR  outputs 
We  get. 


Inputs 

Transition 

Output 

Q 

D 

Q  to  i 

s 

R 

0 

0 

0  ->  0 

0 

X 

0 

1 

0  ->  1 

1 

0 

1 

0 

1  ->  0 

0 

1 

1  v 

1 

1  -» 1 

X 

0 

Now  draw'  K-Map. 


\Q 

0 

1 

\Q 

0 

1 

1 

0 

0 

0 

1 

0 

m 

i) 

0 

2 

0 

2 

1 

i*t 

1 

0 

0 

1 

3 

i 

3 

s  = 

=  D 

R 

=  U 

Circuit  is, 


D  FF 


D  I/Po- 


Combinational 
logic  conversion 


Y 


D 


s 

Q 

SR 

Given 

FF 

R 

3 

v 


O/P 


Fig.  8.33  :  Conversion  of  SR  to  D  FF 


Ex.  6  :  Represent  following  with  the  help  of  K-Map  : 

(i)  JK  FF  to  work  as  T  FF 
(jj)  SR  FF  to  work  as  T  FF. 

(iii)  D  FF  to  work  as  T  FF. 

Soln. :  (i)  JK  to  T 

/.  Table  will  be, 
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logic  circuit 


TFF 


(iii)  D  FF  to  T  FF 
tble  is. 

Inputs 


Transition 


to  i  (new  state 


0  ->  0 
‘o->  1 
1  ->  1 
1  ->  0 


Fig.  Ex.  8.6(b) 


K-Map : 


T  I/P* 


(Dee.  96,  8  Marks,  Dec.  98,  99,  6  Marks) 


nrS  cyL 

J1TL 


o 

o 

2 

©i 

0 

3 

D  =  TQ  +  TQ 


- TFF- 

Fig.  Ex.  8.6(c) 


Ex.  7  :  Represent  the  following  with  help  of  K-Map  : 
(i)  SR  to  JK  (ii)  JK  to  D. 

Soln.  :  (i)  SR  to  JK : 
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Flip-Flop 


Table  is. 


K-Map : 
\JK 

q\  oo 


Transition 

Outputs 

Q 

J 

K 

Q  to  i 

s 

R 

0 

0 

0 

0 - >  0 

0 

X 

0 

0 

1 

0 - >  0 

0 

X 

0 

1 

0 

0 - >  1 

1 

0 

0 

1 

1 

0 - >  1 

1 

0 

1 

0 

0 

0 - >  1 

X 

0 

'1 

0 

1 

1 - >0 

1 

0 

1 

1 

0 

1  — >  1 

X 

0 

1 

1 

1 

1 - >0 

0 

1 

01 

11 

10 

\JK 

Q\  00 

01 

11 

10 


0 

0 

(1 

Ii! 

0 

X 

X 

0 

0 

0 

1 

3 

2 

0 

1 

3 

2 

X 

0 

o  . 

X 

1 

0 

0  i 

0 

4 

5 

7 

6 

4 

5 

7 

6 

Circuit : 


S  =  JQ 


R  =  KQ 


(ii)  JK  toD: 
/.  Table  is, 


Inputs 

Transition 

Out 

)UtS 

Q 

D 

Q  to  i 

J 

K 

0 

0 

0  0 

0 

X 

0 

1 

0-»  1 

1 

X 

1 

0 

1  ->0 

X 

1 

1 

1 

i  ->  1 

X 

0 
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Flip-Flop 


0 


1  T 


Q 


Circuit : 


»-F 


0 

X 

3  2 

it! 

tm 

1  3 

J  =  D 


X 

C 

1 

2 

(X* 

3 

D  Input 
o — * 


t 


K  =  D 


Ex.  8  :  Show  that  following  circuit  acts  as  T  type  FF  : 


-  J 

JK  FF 

Q 

-  K 

<3 

Fig.  Ex.  8.7(h) 

T 


r - 

i  t 

Q 

i  | 

O 

1  rV  CLK 

j  y  °  c 

>  SR  FF 

R 

■oQ 


-O  Q 


Fig.  Ex.  8.8 


So  In.  :  The  circuit  can  be  redrawn  to  analyse  it  easily. 

As  shown  in  Fig.  Ex.  8.8,  dotted  part  is  nothing  but  T<  J=)X> 
-ve  edge  triggered  D  type  FF. 

/.  Circuit  becomes. 

To  analyse  circuit  refresh  truth  table  of  D  FF  as  well 
as  EX-OR  gate.  We  will  make  truth  table  for  same. 


CLK  < 


D 

Q 

>  • 

D  FF 

0 

Fig.  Ex.  8.8(a) 


In 

)Ut 

Output 

T  input 

CLK 

Qn 

D  =  (T  ©  Qn) 

Qn  +  1 

0 

i 

0 

0 

0  =>  (Qn) 

0 

i 

1 

1 

i  =»  CQ„) 

1 

i 

0 

1 

1  (Qn) 

1 

i 

1 

0 

0(Qn) 

Part  1 


Part  II 


remains  as  it  is  i.e.  Qn  (previous  state). 

Observe  part  II,  As  T  =  1,  for  each  clock  edge  output  is  complement  of  previous  state  means  output 
toggles  at  each  CLK  edge. 

.m  Truth  table  is  exactly  matching  with  T  FF  truth  table. 
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^liQ^A&giications  of  Flip-Flops~: 


Flip-Flop 


application  of  ^  St^'C(*  a*|  lM)cs  ^F,  symbols  and  their  truth  tabic.  It  is  obvious  to  know  the 

(0  Countcr/Timcr, 

(2)  Memory  element. 


Q)  Register  and 


(4)  Eliminating  keyboard  debouncing  etc. 

on  (1)  to  (3)  i\c  are  going  to  cover  in  next  chapters.  Now  concentrate  on  application  (4). 

8.10.1  Elimination  of  Keyboard  Debounce  : 


.  l  C  C  SCCn  ln  electronics  we  require  'O'  and  T  logic.  Same  can  be  generated  either 

g  l  osci  lator  circuit  or  switch.  At  student  level  switch  is  most  commonlv  used.  The  circuit  is  as 
shown  in  big.  8.34(a). 


5  V 
OV 


Ideal  wave 


r  ■  5  V 
0  V 


ATVA/S 

Random  4 
debouncing 

Switch  to  Switch  comes 

position  2  to  rest  position  2 


(a)  Switch  circuit 


(b)  Switch  to  position 

nr;-;  io'I 


Fig.  8.34  ~ 


(a) 


(b) 


Fig.  8.35 

i 


Scanned  by  CamScanner 


«r 


8-33 


As  shown  in  FiTT^T^ - 7 - — - 

e  down  R  •  •  ^  "a'c‘onn  should  change  from  0  to  5V  (or  v.v)  instantly  and  should  get 


settle  down.  But  it 


is  virtually  impossible  to  obtain  clear  voltage  transition  from  mechanical  switch. 


because  of  *muau>  ,mPossiblc  to  obtain  cl 

coming  to  rest  ^  (^ouncc  e^ect.  Contact  debounce  means  switch  makes  and  breaks  contact,  before 
annlientinr,  ■  °n  COntact  P°'nt-  The  multiple  transition  last  only  for  few  milliseconds,  but  for  many 

to  the  problem  is  s.mplc  SR  FF. 

L^Ilgjyge  working  of  circuit 


Initially  key  is  resting  on  position  1 
S  =  0,R=  i.  ...  Q  =  0 

n  sw  itch  is  mo\ed  to  position  2,  S  =  1  and  R  =  0,  as  the  switch  first  makes  the  contact. 
Q  =  1  (refer  Fig.  8.32(b)). 

Now  if  switch  debounces  off  contact  2,  S  =  R  =  1, 

Q  =  Qn  i.e.  No  change  in  output. 


Q=  l. 


After  some  make  and  break  switch  wall  come  to  lest  on  contact  2.  So  problem  is  solved. 


An  edge  triggered  D  flip-flop  can  be  made  to 


operate  in  the  toggle  mode  by  connecting  it  as 

D 

Q 

shown  in  Fig.  Ex.  8.9.  Assume  that  Q  =  0,  initially 

CLK 

> 

and  determine  the  Q  waveform. 

J~LTL 

1  KHz 

Q 

Soln.  :  Initially  Q  =  0,  Now  wre  will  prepare  table.  Fig.  Ex.  8.9 


Fig.  Ex.  8.9(a) 


. I i '  k— _ 
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8.11  Examples  from  University  Papers  : 


Flip-Flop 


1.  Explain  difcrence  between  combinational  logic  circuit  and  sequential  logic  circuit.  Give  two 
examples  of  each  of  these  types.  -  (May  96,  3  Marks) 

A  ns.:  Refer  Section  8.1. 

Example  : 

Combinational  circuit  typically  use  AND-OR.  EX-OR.  NAND-NOR. 

Sequential  circuit  uses  flip-flops  plus  all  above  mentioned  logic  gates. 

2.  Explain  the  follow  ing  terms  for  a  flip-flop  : 

(0  Race  around  condition. 

Ans.:  Refer  Section  8.6.1. 

(ii)  Propagation  delay 
Ans.:  Refer  Section  8.5. 

(ni)  Edge  trigger  and  level  trigger. 

Ans.:  Refer  Section  8.3.2  and  8.3.4. 

3.  Convert  T  Filp-flop  t0  D  flip-flop. 

Ans.  :  To  design  the  conversion  logic  we  need  to  combine  the  truth  table  of  require  table  of  required 
flip-flop  and  excitation  table  of  given  flip-flop. 


(Dec.  96,  6  Marks,  Dec.  97,  5  Marks) 
(May  96,  May  97,  8  Marks) 


Table  1 


Table  2 


Here  T  is  given  flip  flop  and  D  is  required  flip  flop.  So  Q  will  be  output  and  D  will  be  new  input. 
If  Q  =  U,  D  =  0  then  next  state  Qn  +  ,  =  0 

So  transition  is  from  Q  =  0  to  Qn  ^  j  =  0 

T  =  0 


Similarly  we  can  make  transition  table  for  other  states  also. 
Transition  table  : 


Inputs 

Transition 

Output 

Q 

D 

Q  to  Q„  +  j  (new  state) 

T 

0 

0 

0  0 

0 

0 

1 

0  — >  1 

1 

1 

0 

1  0 

1 

1 

1 

1  -)  1 

0 

Table  3 


K-  map 


\Q 

3 

Q 

D\ 

0 

1 

DO 

0 

i> 

0 

2 

D  1 

© 

0 

3 
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Flip-Flop 


OR 

Explain  what  is  race  around  condition  in  J-K  Hip-flop.  How  this  problem  could  he 
solved  ? 


(May  97,  Dec.  97,  6  Maries) 

Ans.:  Refer  Section  8.6.1 

5.  Convert  D  flip-flop  to  T  flip-flop.  (Dec.  96,  8  Marks,  Dec.  98,  Dec.  99,  6  Marks) 

Ans.:  Refer  Section  8.9,  Ex.  6  (iii). 

6.  Explain  what  is  master-slave  flip-flop  and  give  its  applications.  (Dec.  96, 4  Maries) 

Ans.:  Refer  Section  8.7.  Application  :  Most  widely  used  in  counters. 

7.  Filp— flops  with  propagation  delay  of  30  nsec,  are  used  in  6  stage  asynchronous  counter.  If 
the  strobe  pulse  width  is  20  nsec,  find  the  maximum  frequency  of  operation  of  the  counter. 

(May  97, 4  Maries) 

Ans.  :  Following  equation  provides  relationship  between  clock  period,  number  of  flip-flops  used 
and  propagation  delay  of  flip-flop. 

Time  period  of  clock  (TCLK)  =  N  x  (tpd  +  strobe  pulse  width) 

Minimum  time  delay  for  each  flip-flop  =  Propagation  delay  +  Strobe  pulse  width 
.-.  Td  =  30  nsec  +  20  nsec 

=  50  nsec 

N  =  number  of  flip-flops  used 
As  it  is  6-stage  counter 


‘ 1  1  •  BHi 
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•iximuni  licqucncv  of  operation  of  counter 

\ 


Flip-Flop 


nu\ 


Cl  K 


_ race  300  x  10~9 

[  ‘max  3.33  MHz 


=  3.33  Mil/ 


...Ans. 

(Dec.  97,  June  99,  8  Marks) 


*•  C""VWI!S  n.-p-n,,,,  T  niMi,,,, 

Ans.:  Refer  Section  S.9.  Ex.  6  (ii). 

"  h,l<  ,S  ni,'Mcr  ‘Slavc  n°P-n°|»  and  iv hat  advantage  it  offers  in  logic  system? 

A iiv  •  d  c  •  (May  98,  4  Marks) 

Ans..  Refer  Section  8.7 

'  aiU}  ^  In,,ul  aPP8cd  to  different  flip-flop  is  shown  in  Fig.  Q.8. 10(a). 

(May  98,  6  Marks) 


CLK 


X  • 


U 


l  i 


luL 


Fi^  Q.  8.10  (a) 

Draw  the  output  w  aveforms  for  the  following : 

®  ,':,K  ,n‘,S,<:,-sl:,ve  «ip-noi».  The  input  'K'  is  held  LOW  and  input  'X'  applied 
(")  X  IS  connected  to  level  triggered  'D'  flin-flon 


Ans. 


to  'J'. 


1  Clock  period 

H - H 


CLK 


:  CLK-1 

- * 

CLK=0  ; 


L-TL-TL-TL 


mi 


Fig.  Q.  8.10  (|>) 
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I  ‘Marion  for  output  waveforms  of  J-K  master  slave 


Flip-Flop 


applied  to  J  ^  cn  ,0  niastcr-slavc  FF.  The  input  K  is  held  LOW.  so  K  =  0.  Input  'X'  is 

When  CLK  is  0.  X  =  0,  K  =  n 

ll,PUt  "  1,1  bc  /cro  as  shown  in  waveform  but  as  soon  as  clock  pulse  start  CLK  =  1.  X  =  1.  K  =  0. 
For  next  instant  output  =  1  (From  tmth  table  of  JK  m/s  FF,  for  X  =  1.  K  =  0.  output  Y  =  1) 

v  -  n  ^,?C?niCS  /Lr°  tbcrc  be  1,0  change  in  output.  So  output  continues  to  bc  1.  Because  for 
u.  K  =  0.  ^  =  No  change. 

Now  again  X  becomes  I.  K  =  0  output  will  remain  1. 

Explanation  for  output  waveforms  of  level  triggered  D  flip-flop  : 

From  truth  table  of  D-flip  flop. 

If  D  =  0,  CLK  =  1;  output  =  0 
D  =  I.  CLK  =  1;  output  =  1 


So  output  depends  on  input  applied  to  D. 

For  first  clock  pulse  CLK  =  L  X  =  1.  when  X  becomes  1  at  that  instant  (For  high  level  of  clock) 
output  of  D  flip-flop  becomes  1. 

It  remains  1  till  X  becomes  zero.  So  output  becomes  zero  at  the  instant  X  goes  down.  It  remains  zero 
till  X  =  0. 


But  now  X  becomes  1  when  clock  is  zero.  As  it  is  level  triggered  flip-flop.  So  its  output  becomes  1 
at  high  level  of  clock.  So  there  is  some  time  delay  between  input  X  and  output  of  level  triggered  D  nip- 
flop. 

But  output  depends  on  input  X  only. 

1 1.  Whether  a  master-slave  flip-flop  acts  as  an  edge  triggered  F/F?  Why  or  w  hy  not? 


(Dec.  98,  6  Marks) 

Ans.  :  Acutally,  master  slave  FF(M/S  FF)  is  level  triggered  FF.  But  as  slave  follows  master,  it 
appears  or  acts  as  an  edge  triggered  FF.  Let's  study  the  operation  to  clear  the  idea. 

Refer  Section  8.7,  page  8-22. 

12.  The  Fig.  Q.  8.12  represents  a  certain  flip-flop  function.  Identify  that  flip-flop. 


Fig.  Q.  8.12 


(Dec.  98, 3  Maries) 
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Input 

Output 

A  input 

CLK 

Qn 

1)  -  A  Qn 

Q„.i 

0 

T 

0 

0 

0  -»  0(Qn) 

Part  I 

0 

t 

l 

1 

,1  ->  KQn) 

1 

T 

0 

1 

1  (Q„) 

Part  II 

■ 

t 

1 

0 

0  (Qn) 

Truth  Table  4 

outr>rt'rSt  °bScnc  P‘,rt  ^  *n  the  above  table.  As  shown,  when  A  =  0,  even  though  we  apply  clock  pulse 
pu  remains  as  it  is  i.c.  Qn  (previous  state)  observe  part  II.  As  A  =  1  for  each  clock  edge,  output  is 

complement  of  previous  state,  means  output  toggles  at  each  clock  edge. 

Therefore  truth  table  is  exactly  matching  with  truth  table  of  T  flip-flop. 

Thc  flip-flop  is  T  flip-flop. 

13.  Modify  an  asynchronous  RS-FF  so  that  when  R  =  S  =  1  the  FF  is  set.  (Dec.  98, 4  Marks) 

OR 

Design  a  modified  SR  FF  in  which  the  flip-flop  is  set  when  R  =  S  =  1,  using  a  NAND 
memory  cell  and  additional  gates.  (Dec.  99, 10  Marks) 

Ans.:  In  SR  flip-flop  when  S  =  R  =  1,  flip-flop  is  in  undetermined  state  (Q  =  1.  Q  =  1).  Second 
problem  is  that,  when  power  supply  is  switched  on,  the  state  of  circuit  is  uncertain.  Output  is  set  or  reset, 
that  is  unpredictable. 

Solution  is  to  use  preset  (also  called  direct  set)  and  clear  (also  called  as  'direct  reset')  terminal 
Pr  — >  Preset,  Cr  =  clear. 

1  •  Pr  =  Cr  =  il  8ive  Race  condition,  because  output  of  NAND  3/4  =  1,  so  avoid  this  condition. 

2.  Pr  =  1,  Cr  =  0,  this  is  res~t  condition  of  flip-flop.  As  Cr  =  0,  Q  =  1.  As  input  to  NAND  3  is 
Pr  =  1,  Q  =  1  and  output  of  NAND  1  is  Q  =  0. 

3.  Pr  =  0,  Cr  =  1.  This  is  set  condition  of  flip-flop.  As  Pr  =  0  and  S  =  R  =  1;  Q  =  1.  As  input  to 

NAND  4  is  Cr  =  1,  Q  =  1  and  output  of  NAND  2  =  1(R  =  1,  CLK  =  1)  forces  Q  =  0. 
Therefore  using  preset  and  clear  terminal  we  can  set  flip-flop  when  R  =  S  =  1. 

Preset  (Pr) 


Fig.  Q.  8.13  (a) 
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CLK» 


oClear(Cr) 

Fig.  Q.  8.13  (b)  :  Block  diagram  of  modified  RS  flip-flop 
One  more  reined)  over  above  problem  is,  simply  use  an  inverter  keeping  other  funtions  of  SR  FF  as  it 


is. 


Inputs 

Outputs 

S 

R 

Q 

Q 

0 

0 

NC 

NC 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

RACE 

RACE 

SR  is  set  when,  S  =  1  and  R  =  0.  So  one 
can  simply  put  inverter  at  input  to  R. 


Table  4A 


Inputs 

Outputs 

S 

R' 

Q 

Q 

0 

0 

0 

l 

0 

1 

NC 

NC 

1 

0 

RACE 

RACE 

1 

1 

1 

0 

S  o 


-»  expected  R' 


Fig.  Q.8. 13(c) 


Table  4B 

14.  What  is  meant  by  following  terms  in  a  FF  : 

(i)  Edge  triggered. 

Ans.:  Refer  Section  8.3.4 

(ii)  Set  up  time  and  hold  time. 

Ans.:  Refer  Section  8.5. 

15.  Consider  MN-FF  in  the  following  Fig.  Q.  8.15  which  is  a  modified  JK-FF 


(June  99, 4  Marks) 


(Dec.  99, 2  Marks) 
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(0  °h*ain  it*  characteristic  table. 
(")  W  ntc  excitation  table  of  MN-FF. 


::  ?  ^  t 

(Dee.  98,  5  Marks  ;  Dec.  99,  J  Marks) 
(Dec.  99,  J  Marks) 


Fig.  Q.  8.15 

Ans.  .  First  write  the  truth  table  for  J-K  FF 


In| 

)Ut 

Output 

CLK 

J 

K 

Q»  + 1 

X 

0 

0 

Qn(NC) 

_TL 

0 

1 

0 

_TL 

1 

0 

1 

_TL 

1 

1 

Qn 

Table  5 

In  Fig.  Q.  8.15  M  is  directly  connected  to  input  J  of  J-K  FF.  Therefore  inputs  applied  at  M  arc 
directly  fed  to  J  input  but  N  is  connected  to  K  through  a  bubble  (inverter).  So  whatever  vve  arc  applying  at 
N  is  inverted  and  fed  to  K.  So  characteristic  table  will  change.  Output  will  be  different. 

Characteristic  table  for  MN-flip-flop  : 


Input 

Output 

CLK 

M(J) 

N(K) 

Y 

X 

0 

0  ^  (1) 

0 

_TL 

0 

1  ^  (0) 

Qn 

_TL 

1 

0  -9  (1) 

Qn 

_n_ 

1 

1  ->  (0) 

1 

Table  6 


Excitation  table  of  JK  flip-flop  : 


\MjM 

Qn  + 1 

j 

K 

Id 

0 

X 

n 

1 

X 

X 

1 

■ 

n 

X 

() 

Table  7 


From  Table  7  write  truth  table  for  MN  flip-flop. 
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Table  9 


16.  Hon  does  the  operation  ol  an  asynchronous  input  differ  from  that  of  a  synchronous  input 
in  &  flip-flop  ?  (Dec.  98>  Junc  99<  4  Marks) 

Ans..  Asynchronous  input  immediately  affects  the  output,  when  it  is  applied.  But  synchronous  input 
will  affect  output  after  CLK  edge  hits.  Thus,  there  is  time  delay. 


17. 


The  Fig.  Q.8.17  represents  certain  F/F  function.  Identify  that  FF. 


(Dec.  99, 3  Maries) 


Fig.  Q.  8.17 


Ans.  :  Refer  Section  8.9,  Ex.  8. 


□  □□ 
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9-1  Introduction : 


Counters 


**  [ASKED  IN  EXAM  -  MAY  96,  DEC.  96,  DEC.  97  I!!  ] 

The  most  wide  application  of  FF  is  counters  and  registers  The  FF  is  basic  clement  of  sequential  logic 
s>stcm.  Using  FF  and  combination!  circuit,  any  sequential  system  can  be  designed 

Counter  is  most  useful  and  versatile  subsystem  of  digital  branch.  As  name  suggests  counter  is  going 
to  count  number  of  C  LK  pulses  applied  to  it.  Basically  CLK  is  timing  parameter  we  introduced  in  FF. 

lerc  ore  CLK  pulses  occurs  at  regular  time  interval,  so  that  counter  can  be  used  to  measure  time  or 
frequency. 

Counters  can  be  sub-divided  into  two  groups  : 


Counter 


Asynchronous  counter 
(Also  called  as  serial) 


Synchronous  counter 
(Also  called  as  parallel) 


( 1 )  Very  simple  and  straight  forward  in  operation.  (1)  Complex  in  comparison  with  asynchronous 

(2)  Has  speed  limitation.  (2)  Speed  is  more. 

(')  Next  FF  is  triggered  by  previous  FF.  (3)  Each  FF  is  triggered  by  CLK  in  synchronism. 

(4)  Problem  of  glitch.  (4)  n0  problem  of  glitch. 

(5)  Settling  time  is  more.  (5)  Settling  time  is  less. 


Sy  nchronous  /  asynchronous  counter  can  be  sub-divided  in  following  sub-group  : 

(1)  Regular  Counter  :  For  building  counter,  FFs  are  used.  There  is  direct  relation  between  number  of 
FFs  used  and  number  of  states  of  counter. 

Let's  say  No.  of  state  are  N,  number  of  FFs  are  m  then  relation  is  given  by, 

N  =  2m 

We  will  consider  one  more  variable  n,  where  n  is  number  of  actual  states  of  counter. 

In  regular  counter  number  of  actual  states  of  counter  (n)  and  number  of  states  given  by  eqn.  1  (N)  are 
equal.  _ 


■  [11 


n  =  N 


Let's  say  FF  are  3,  .\  N  =  2m  =  23  =8.  n  =  8. 

(2)  Truncated  Counter  :  In  this  ty  pe  of  counter  number  of  actual  states  of  counter  (n)  are  always  less 
than  number  of  states  given  by  Equation  (1)  (N). 


n  <  N 


If  FFs  are  3.  N  =  2m  =  8  but  n  <  8. 

(3)  Sequential  Counter  :  As  name  suggests,  states  of  counter  are  sequential  i.e.  0,  1,  2,  3,  4,  5,  ..  so 
on. 

(4)  Non-Sequential  Counter  :  Sequence  or  states  of  counter  are  not  sequential  but  irregular  e  g.  0,  3,  9, 
8,  2,  1,  7. 


9.2  Asynchronous  Counter : _ _ _ 

Let's  start  discussing  asynchronous  counter.  Fig.  9.1  shows  generalized  block  schematic  of 
asynchronous  counter.  Asynchronous  counter  is  also  called  as  Ripple  Counter. 
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Fig.  9.1 

Observations  from  Fig.  9.1. 

(1)  CLK  IN  is  given  to  only  one  FF. 

(2)  Normally  T  type  FF  is  preferred  in  ripple  counter  design. 

(3)  If  you  want  'n'  states  less  than  'N'  i.e.  you  want  to  stop  counter  in  between  and  restart  from  'O' 
(reset)  state,  reset  logic  should  be  used. 

Reset  logic  is  nothing  but  combinational  circuit.  This  block  is  optional. 

(4)  Q/Q  of  previous  FF.  given  to  next  FF,  CLK  input.  Means  one  FF  drives  another,  therefore  this 

_ counter  is  called  as  ripple  counter, _ 

To  elaborate  the  point,  remind  old  Hindi  movie,  where  hero  is  waiting  for  heroin  at  the  bank  of  the 
river.  For  time  pass,  he  throws  stones  in  the  river.  If  you  observe  technical  part  (forget  love  part),  throwing 
stone  in  water  generates  circles.  One  circle  drives  2nd,  2nd  drives  3rd  and  so  on.  It  is  also  called  as  ripple 
generated  in  water.  The  same  concept,  driving  next  by  previous,  is  used  in  asynchronous  counter  called  a 
ripple  counter. 

9.2.1  3  Bit  Ripple  Counter  : 


To  understand  ripple  counter  let's  start  with  3  bit  ripple  counter. 
Refer  truth  table  of  T  FF,  and  Fig.  9.2. 

Observation  1  :  (1)  FF's  are  negative  edge  triggered. 

(2)  O/P  taken  from  Q  (not  Q) 

(3)  Cascaded  O/P  s  are  Q  (not  Q) 
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Fig.  9.2  :  3  Bit  ripple  counter 


;  Input  TO 
!  C  FF 


Truth  table  : 


States  of  Counter 

Qc 

Qn 

Qa 

Decimal  Equivalent 

0 

0 

0 

0 

o 

0 

1 

1 

0 

1 

0 

2 

0 

1 

1 

3 

l 

0 

0 

4 

l 

0 

1 

5 

i 

1 

0 

6 

i 

1 

1 

7 

0 

0 

0 

0 

Fig.  9.3(b) 


Working: 

Please  refer  Fig.  9.3  (a)  and  (b)  [Qc  QB  QA  =  CBA] 

(1)  Initially  all  FF's  are  reset  (assumed  to  be  at)  CBA  =  000 

(2)  When  1st  CLK  edge  hit£.  A  will  toggle  from  0  ->  1  (rising  edge), 

B  and  C  are  unchanged.  .*.  CBA  =  001. 

(3)  When  2nd  CLK  edge-  hits,  A  will  toggle  from  1  ->  0  (falling  edge,  shown  in  waveform), 

i 
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■**  B  l088lc  from  0  ->  1  (rising  edge), 
f.K  ;’„C  ,s  unchanged.  Finally  CBA  =  010. 

•  n  n  \  cdgc  ,lilS'  A  wil1  t088lc  from  0  ->  1  (rising  edge) 

•  •  B  and  C  arc  unchanged. 

CBA  =  011. 

(  )  At  4  CLK  edge,  A  will  toggle  from  1  — >  0  (falling  edge), 

•  •  B  toggles  from  1  _>  o  6 

(falling  edge,  shown  in  the  waveform), 

a  C|hChangCS  from  0  -»  1.  /.  CBA  =  100. 

*  ^  CLK  edge,  A  will  toggle  from  0  — >  1  (rising  edge) 

B  and  C  arc  unchanged. 

CBA  =101 

(7)  At  6  CLK  edge,  A  will  toggle  from  1  — >  0  (falling  edge),  this  will  force  output  B  to  toggle.  B 

^CBA  - l  i()m  °  ^  ^Sing  cdgc^-  As  B  provides  rising  edge,  C  is  unchanged. 

(8)  At  7  CLK  edge,  A  will  toggle  from  0  ->  1  (rising  edge), 

B  and  C  both  are  unchanged. 

•••CBA  =111. 

(9)  Finally  at  8  CLK  edge,  A  will  toggle  from  1  — >  0  (falling  edge),  this  will  force  output  B  to 
togg  c.  B  will  toggle  from  1  ->  0  (falling  edge).  As  B  provides  falling  edge  to  C,  C  also 
toggles.  C  changes  state  from  1  — >  0.  Thus  3  FF  changes  state  from  1  — >  0  . 

CBA  =  000.  We  have  started  our  discussion  with  CBA  =  000. 

So  cycle  will  repeat  from  point  No.  1. 


Note:  (1)  Falling  edge  of  A  FF  changes  state  of  B  FF  ONLY. 

(2)  Falling  edge  of  B  FF  changes  state  of  C  FF  ONLY. 

(3)  REMEMBER  THAT  ONE  FF  DRIVES  ANOTHER. 

Counter  states  arc  represented  in  Fig.  9.3(b). 

Conclusion  : 

(1)  No.  of  actual  states  of  counters  are  n  =  8  as  N  =  23  =  8,  .-.  regular  counter.  .-.  it  is  also 
Modulo  8  counter.  (Reference  Section  9.3.2) 

(2)  Counter  is  counting  up.  0,  1,  2,  3,  ... 


called  as 


Note  :  Counter  will  count  up  or  down  depends  upon  transition  (+  or  -)  which  drives  the  FF 
used  for  cascading  and  finally,  the  output  we  take.  Let's  represent  it  symbolically, 
where,  Up  =  1  -up  counter 

=  0  -down  counter 

pn  =  1  -negative  transition  (FF  used  is  negative  edge  triggered) 

=  0  -positive  transition  (FF  used  is  positive  edge  triggered) 

Q,  =  1  -Q  cascaded 


;  Q  or  Q 


Q 


1 


=  0  -Q  cascaded 
=  1  -output  from  Q 

=  0  -output  from  Q 


Wc  can  write  a  simple  boolean  equation  for  this,  i.e., 


“  pn  ®  Qt  ®  Qi 


We  will  have  different  cases,  as  listed  follows  : 


\ 
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Case : 

I 

=> 

Pn=  1 

Q«  = 

Qi  =  1 

•••  up 

=  1©1®1  =  1 

counter  is  up 

II 

P  n  =  1 

Q«=  1 

Q,  =o 

••  up 

=  10100  =  0 

counter  is  down. 

III 

=> 

Pn  =  0 

Qt  = 

Q,  =  1 

••  up 

=  00101  =  0 

counter  is  down. 

IV 

=> 

Pn  =  0 

Q,= 

Q,  =o 

up 

=  00100  =  1 

counter  is  up. 

V 

Pn  =  1 

Qt  =  o 

Q,  =o 

•••  up 

=  10000  =  1 

.-.  counter  is  up. 

VI 

Pn  =  1 

Q,  =  o 

Q.  =  i 

•••  up 

=  10  0  0  1  =0 

.-.  counter  is  down. 

9.3 

Terms  Related  to  Counter : 

Before  we  proceed  further,  we  would  like  to  study  few  terms  related  to  counter. 

9.3.1  State  Diagram  : 

State  diagram  means  graphically  representing  the  states  of  counter  circuit, 
e.g.  for  3  bit  binary  ripple  up  counter  state  diagram  can  be  drawn  as, 

Arrow  shows  flow  of  counter 

0  *0 - *©^“*0  0 - 0) - 0) - 0) 

0*  ©* — ©*~0  © — © — © — © 

State  of  counter 

Fig-  9.4  Fig.  9.5 

For  3  bit  binaiy  ripple  down  counter,  state  diagram  is  as  shown  in  Fig.  9.5. 

Note  :  As  shown,  in  counter,  we  don't  have  any  input(s)  or  output(s).  We  are  simply  concerned  with 
the  stdts  of  the  counter.  Therefore,  on  the  top  of  the  transition  arrow,  showing  change  of  state 
_ we  haven't  shown  any  input  /  output  combination(s). _ 


9.3.2  Module  N  Counter  : 

If  it  is  desired  to  have  modulo  N  (mod  -  N)  counter,  the  number  of  F.F.  required  is  determined  by, 

N  <  2m  m  =  Number  of  F.F. 

Let  say  m  =  4  .\  N  =  16.  But  if  we  require  only  10  states  out  of  16,  then  it  is  called  as 

moduls  -  10  (Mod  -  10)  counter,  but  required  FFs  will  be  4  only. 

Mod  -  N  can  be  achieved  by  reseting  the  FF.  This  should  be  done  at  the  N  state.  In  Mod  -  10, 
counter  will  count  from  0  to  9  ,  and  at  10th  state  it  will  reset  back  to  0.  Mod  -  10  counte  is  also  called  as 
decade  counter. 

Uptill  now  we  have  seen  that  counter  is  sequential  and  number  of  states  provided  are  N  =  2m  .  Now 
let’s  take  case  of  truncated  ripple  counter  when  n  (number  of  actual  state)  <  N. 


Ex.  1  ‘  Design  mod  -  3  ripple  (asynchronous)  counter. 
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( 1 )  Dmw  state  diagram.  No.  of  states  arc  3. 

(2)  No  of  actual  states  arc  n  =  3 
•*.  n  <  N  =  2m  3  <  2m  .-. 

2  FFs  arc  required. 


in  =  2 


(- )  Here  FF  used  should  have  clear  terminal  for  resetting  or  clearing. 

(4)  Assumption  .  Considering  FF  and  gales  arc  having  'O'  propogation  delay. 
(>)  Reset  logic  circuit  required  to  terminate  count  after  2. 


Qn 

Qa 

0 

0 

0 

1 

1 

0 

1 

1 

->  0 
->  1 
->  2 
3 


Valid  states 


Invalid  state  so  whenever  this  state  occurs  counter  should  be 
CLEARED  (Reset). 


Fig.  Ex.  9.1(a) 


Normally  CLR  terminal  is  ACTIVE  LOW  Design  a  reset  logic  combinational 
circuit  such  that  output  Y  (Refer  Fig.  9.1,  block  schematic)  should  be  1  when  valid  states  arc  there  and  Y 
-  0  when  Invalid  states  are  present. 


Truth  Table,  _  K-Map : 


Qu 

Qa 

Y  O/P 

0 

1 

0 

0 

1 

0 

ill 

i® 

0 

1 

1 

1 

0 

2 

1 

0 

1 

1 

1 

0 

i 

— »  Reset  FF 

ill 

1 

0 

3 

Circuit : 


Y  =  A_+B  ...(a) 
=  AB  ...(b) 
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Coiinter  is  up  counter  Therefore  FF  should  be  negative  edge  triggered,  cascade  0  O/P  and  final  O/P  is 
ta  cn  from  Q.  Tl>c  final  circuit  is  therefore  shown  in  Fig.  Ex.  9. 1(b).  Observe  waveform 


Fig.  Ex.  9.1(c) 

Working  :  Refer  Fig.  Ex.  9.1(b)  and  Fig.  Ex.  9.1(c)  (QB  QA  =  BA) 

(1)  Ini  tally  all  FFs  are  cleared. 

B  A  =  00  ;  .*.  Y  =  1 

(2)  When  1 st  negative  CLK  edge  hits,  A  toggles 

A=  I,  /.  BA  =  01  ;  .*.  Y  =  1 

(3)  At  2nd  hit  of  CLK  edge,  A  toggles  from  1  — >  0  (negative  edge), 

B  also  toggles  from  0  1. 

BA=  10  /.  Y  =  1. 

(4)  Wlten  3rd  CLK  edge  hits,  A  will  toggle  from  0  1  (positive  edge) 

B  =  unchanged  BA  =11 
.'.  Y  =  0.  As  Y  =  0  ,  all  FFs  will  be  cleared, 
and  BA  =  00.  As  BA  =  00  Y  =  1  again. 

The  sequence  from  BA  =  1 1  to  BA  =  00  ,  is  so  fast  (as  propogation  delay  is  considered  0  q  sec.) 
that,  it  is  not  possible  to  observe  1 1  condition  on  waveform.  Y  waveform  pulse  is  also  very  sharp  and  of 
very  very  small  duratioa 

Thus  counter  will  run  0  1  -»  2  —>  0  . 

Ex.  2  :  Design  modulo  6  ripple  counter. 

Soln.  :  (1)  State  diagram  =  6  states  =i>  0  to  5 


Fig.  Ex.  9.2(a) 

(2)  No.  of  states  N  =  6  .'.  n  <  N  =  2m  6  <  2m 

— 


m  =  3 
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K-map  : 


N  =  2m  =  23  =  8 

but  n  =  6 
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Valid 


< 


Invalid 


{ 


c 

B 

A 

Y  O/P 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

Counters 


Points  : 

(1)  Counter  is  up  counter,  we  have  to  cascade  Q  output,  -  ve  edge  triggered  FF  and  final  output 
from  Q. 

(2)  FF  should  have  ACTIVE  LOW  reset  (clear)  terminal. 

(3)  Propogation  delay  presently  assumed  0  n  sec 
Circuit : 


State  output 


Fig.  Ex.  9.2(b) 
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Fig.  Ex.  9.3 


Soln.  :  Observe  state  diagram. 

Conclusion  : 

(1)  Counter  is  down  counter 

(2)  Valid  states  are  7,  6,  5,  4,  3. 

(3)  Invalid  states  are  2,  1,  0. 

(4)  After  3,  counter  jumps  back  to  7  state.  .*.  Counter  should  be  resettable  type  i.e.  FF  should  have 
RESET  terminal.  Assume  that  RESET  is  ACTIVE  LOW. 

(I)  No.  of  FFs  required 


Max.  state  is  7 


7  <  2m 


m  =  3 


As  m  =  3,  N  =  2m  =  23  =  8  (0  to  7) 


(2)  Design  of  reset  circuit. 


Truth  table 


Invalid  states < 


Valid  states 


c 

B 

A 
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9.3.3  Problems  Involved  In  Ripple  Counter  : 

^  [ASKED  IN  EXAM  -  MAY  96,  DEC.  97,  MAY  97,  MAY  98,  JUNE  99,  DEC.  99111  ] 

Mainly  two  problems  arc  attached  with  ripple  counter. 

(1)  Glitch  • - »  Propagation  delay  of  Reset  logic. 

- ff)  Propagation  delay  - »  propagation  delay  of  FF. 

glitchT] 

In  example  1  assumption  was  made  that  propagation  delay  through  FF  and  reset  circuit  is  0  r|  sec.  But 
practically  this  situation  doesnot  exist,  therefore  glitch  occurs. 

Let  s  consider  propagation  delay  of  reset  logic. 

For  analysis  let's  consider  example  1  states  are  0,  1,  2.  Redraw  the  waveforms  considering  propagation 
delay  of  reset  CLK. 

CLK 
Qa 
qb 

Decimal  state 
Y  output 


period 


; 

\ 


i 


1 


Fig.  9.6 

Working  : 

Refer  Fig.  9.6  and  Ex.  1  (QA  =  A  QB  =  B) 

(1)  Initially  ali  FFs  are  reset.  .\  BA  =  00  Y  =  1 

(2)  When  1st  CLK  edge  hits,  A  will  toggle  /.  BA  =  01,  Y  =1 

(3)  At  2nd  CLK  edge,  A  will  toggle  from  1  ->  0  (negative  edge),  .*.  B  also  toggles.  .\  BA  =  10. 

Y  =  1 

(4)  When  3rd  CLK  edge  hits,  A  will  toggle  from  0  ->  1  (positive  edge),  .\  B  is  unchanged. 

BA=  11 

Reset  circuit  is  designed  in  such  a  way  that,  when  11  occurs  Y  =  0.  But  appearing  of  logic  11  at 
NAND  input,  getting  settled,  then  propagate  through  NAND  and  appear  at  output,  then  resetting  the  FF 
will  take  sometime  in  r|  sec.  During  this  period  BA  =  11.  This  condition  is  invalid  condition  and  as  in 
Fig.  9.6,  Qa  produces  unwanted  short  duration  pulse  called  glitch. 

Propagation  Delay  in  Ripple  Counter 

Basic  principle  of  operation  of  asynclironous  counter  is,  each  FF  is  triggered  by  the  transition  at  the 
output  of  preceding  FF.  Each  FF  has  internal  propagation  delay,  means  second  FF  will  not  respond  unless  * 
and  untill  a  propagation  delay  time,  after  Uie  first  FF  receives  an  active  clock  transition.  :.  Third  FF  will 
not  respond  untill  a  time  equal  to  twice  propagation  delay  (2  x  tpd)  after  that  clock  transition. 

Thus  propagation  delay  of  FF  accumulates  so  that  Nlh  FF  cannot  change  state  unless  and  untill,  time 
equals  to  N  x  tpd  after  the  CLK  transition  occurs. 

To  understand  this  refer  waveforms  in  Fig.  9.7. 


. .  Qq  misses  one  CLK  period  .\  we  get  random  states. 
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Ch 


Qc 


‘  +  10  rj  sec 
Part  'A' 


* 

1 0  r|  sec 


+  20  r]  sec  Part  'B' 

X 

20  r|  sec 


Fig.  9.7 


Refer  Fig.  9.7  (Qa  -  A.  Qb  -  B)  Propagation  delay  of  one  FF  =  10  q  sec. 

(1)  Initially  both  output  BA  =  00 

)  ^VllCn  ^rst  CLK  edge  hits,  A  changes  from  0  — »  1.  As  shown  Q.  changes  states  10  r|  sec  after 

CLK  edge  hits.  (Part  (a)) 

^  ^  second  CLK  edge  QA  changes  from  1  — >  0.  Transition  occurs  10  T)  see  after  CLK  edge  hits. 

Qa  provides  negative  transition  (1  ->  0)  to.B  FF 

Qp  changes  the  state  from  0  — >  1,  10  q  sec  after  the  transition  of  QA. 

•  •  with  respect  to  CLK  edge  QB  changes  state  after  20  r|  sec.  (part  (b)). 
i.e.  2  FF  x  10  ri  sec  =  20  q  sec. 

This  propagation  delay  causes  limitation  on  CLK  frequency  input,  let's  see  in  next  example 
bay  CLK  pulse  duration  is  100  r|  sec.  Propagation  delay  of  each  FF  is  50  q  sec. 
ic  waveform  in  Fig.  9.8  are  for  3  bit  ripple  counter.  Actually  states  should  be  0,  1,  2,  3,  4  5  6  7 
But  due  to  propagation  delay  of  FF  and  high  CLK  frequency  states  are  random. 
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-H  H- 


CLK 

mjrrrmi 

100  q 

Qa- 

ii 

2) 

J. 

i  4 

;ec 

i 

i 

'i 

r 

!  o 

1  I  1 

— .j...... 

0 

0 

1 

1 

50  r)  sec 


Q 


'B 


CL 


j 


■  i 
i 


i 

i  i 


i 


T 
I  I 

—  j — , - 1~~~ 

|  o  j  o  j  o !  o 


i  !  1 


5|  i  6i  i  7|  i  sj 


0  i  0 


I  1  I 


i  i 


50  ii  sec  [— — H — 1  \  | 


0  !  0 


T 

I  I 


••» . f . i- . i . t . i- . i— '  * . i— 

!oo}ojojo|o|ojoio 


Decimal  state  0  ,  0  {  1  ,  1  j  0  ‘  2  I  3  J  3  !  2  !  0 


i  ! 


0  1  0 


1  i 


i  i 


i . j  i . t 

■  ii 


o  !  o 


1  !  1 


i  1  i 


i . i 

i  i  i  i 

-» — i — i — i- 


li.1  :ii  r 

5  1  4  !  6  1  7 


Fig.  9.8 

Observe  the  waveform. 

(1)  Qa  clianges  the  state  (0  ->  1  or  1  -a  0)  50  q  sec  after  the  CLK  edge  hits.  Means  QA  changes  in 
the  mid  of  the  CLK. 

(2)  .*.  Qb  clianges  the  state,  50  q  sec,  after  QA  changes, 

witli  respect  to  CLK  edge  QB  clianges  after  100  q  sec. 

But  as  CLK  is  of  100  q  sec  duration,  we  expect  that  after  each  100  q  sec,  output  should  change 
but  that  is  not  achieved. 

(3)  /.  Qc  clianges  the  state,  50  q  sec  after  QD  clianges. 

with  respect  to  CLK  edge,  Qc  clianges  after  150  q  sec. 
misses  one  CLK  period  wc  get  random  states. 


■  v  - 
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For  ripple  counter,  following  equation  provides  relationship  between  CLK  period,  number  of  FFs  used 
and  Propagation  delay  of  FF. 

Time  penod  of  CLK  (TCLK)  >  N  x  tpd 

where.  tpd  =  Propagation  delay 


N  =  No.  of  FFs 


max  CLK  N  t 


9.3.4  Power  On  Reset  Circuit  : 


W  henev  er  counter  working  was  discussed,  it  was  assumed  that  initially  everything  is  reset.  Whenever 
power  supply  is  switched  ON  ;  one  cannot  predict  the  output  state  of  FF.  Therefore  Clear  terminal  is 
pro\  ided.  But  clear  terminal  requires  some  external  circuitry  to  force  it  self  'LOW'  so  that  it  can  provide  Q 
-  0  (some  known  state).  This  external  circuitry  is  nothing  but  power  ON  reset  circuit.  Refer  Fig.  9.9. 


Fig.  9.9 


As  shown  in  Fig.  9.9,  (counter  states  are  0,  1,  2).  In  addition  one  RC  n/vv  with  AND  gate  is  used.  So 
’idler  of  the  input  is  LOW  output  of  AND  is  LOW,  FFs  will  be  cleared. 


Fig.  9.10 


(b) 
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Working  : 

WlKnFSv91°(a)and(b) 

charging  IT K  ctaS'.in  S".“cl,cc‘  0N-  Vcc  "'■»  appear  across  RC  nAv  at  time  l,v  Capacitor  will  start 

Icvo1  V  (Threshold  voltage)  Mo  acu"  if  Whcn  capacitor  v°l,aSc  <  V-u.p.,.)  "=*'«»  to 

as  LOW  locic  •  pnr  W  ’  P  (  C)  consider  it  as  HIGH  logic.  Below  threshold  it  is  considered 
For  dotation  t,  -  ,0  output  of  AND  gate  is  'O' FFs  am  cleared. 

...  Tf  F  ^ ^ Un ' ' ^ 1 '  S'alCS  and  AB  =  1  ••  output  of  NAND  is  equal  to  0. 

- - - 1  ‘  (CLK)  =  0.  as  AND  output  is  'O'  .-.  FF  will  reset. 

Soin  !  oeSiSn  counter  with  control  i, 

5>0,n.  :  Requirement  : 

(1)  4  bit ;  .-.  4  FFs  are  required. 

(2)  ripple  counter. 

(3)  up/dn  terminal  up/dn.  =  0  ->  up  operation 

up/dn.  =  1  — >  down  operation. 


input  of  up/dn.  (dn  =  down). 


UP/DN 


Fig.  Ex.  9.4(a)  :  4  bit  binary  up/dn  counter 

Regarding  points  (1)  and  (2),  you  are  aware.  Regarding  point  (3),  we  want  one  control  terminal  in  such 
a  way  that  counter  will  start  either  up  or  down  counting.  Recall  equation  studied  in  Section  9.2.1.  Just  by 

changing  cascading  from  Q  to  Q  ,  counter  changes  from  up  to  down  counting.  Wc  are  going  to  use  same 
fundamental. 

Case  I :  When  up/dn  control  terminal  =  0,  x  =  1.  Therefore  AND  gate  1,  3,  and  5  will  be  transparent. 

thus  cascades  Q  output.  Whereas  AND  gate  2,  4,  and  6  produces  continuous  ’LOW’  output 

irrespective  of  Q.  Therefore  counter  counts  up. 

Pn  =  1  Qj  =  1  Qt  =  1,  Up  =  1  ©  1  ©  1  =  1  ->  up  counter 

Case  II :  When  up/dn  control  terminal  =  1,  x  =  0.  Therefore  AND  gate  2,  4  and  6  will  be  transparent, 

~ *  0 

thus  cascades  Q  output.  Whereas  AND  gate  1,  3  and  5  produces  continuously  LOW'  output 
irrespective  of  Q.  Therefore,  counter  counts  down. 

Pn  =  1  Q,  =  1  Qt  =  0  .*.  Up  =  1  ©  1  ©  0  =  0  ->  down  counter. 

9.4  1C  7493  (4  bit  binary  counter) : 

Let's  study  TTC  MSI  circuit  of  4  bit  ripple  counter  implemented  in  IC  7493. 
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Fig.  9.11 

In  IC  7493, 

Qd  Qc  Qb  Qa  =>  Binary  output  of  FF. 

Input  A  =>  CLK  IN  of  FFA 
Input  B  =>  CLK  IN  of  FFB 

R0  (1),  R0  (2)  =*  ReSCt  P*n 

When  Rq  (i)  =  Rq  (2)  =  1  Reset  occur. 

Fig.  9.11  shows  logic  diagram  of  IC  7493.  It  shows  that  FFA  is  independent  i.e.  output  is  not 
cascaded  to  next  FF.  But  FF  B,  C  and  D  arc  cascaded.  .\  we  have  individual,  internally  two  counters,  +  2 
(Mod  2)  and  +  8  (Mod  8).  If  we  combine  both  counter  we  get  2  x  8  =  16  state  counter  or  mod  16  counter 
or  -s- 16  counter. 

When  we  connect  QA  output  to  input  B  and  CLK  IN  given  to  Input  A  only,  it  becomes  simple  4  bit 
binary'  ripple  counter.  Truth  table  as  follows. 
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Ex.  5  :  Implement  +  9  counter  using  1C  7493. 

Soln.  :  Procedure  is  same  as  when  we  design  mod  -  N  ripple  counter. 

(1)  -s-  9  means  mod  -  9,  .\  required  states  are  9  (0  to  8)  FF  used  arc  4. 

(2)  Reset  circuit  should  generate  'O'  output  for  valid  states  (0  to  8)  and  T  output  for  invalid  slates  (9 
to  15),  because  if  R0  (1)  and  R0  (2)  both  are  1.  then  only  IC  7493  resets. 

(3)  Design  reset  circuit.  Draw  K-map. 

DC  DC  DC  DC  DC 
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Y  =  BD  +  AD  +  CD  =  D  [A  +  B  +C] 
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Reset  circuit 


Fig.  Ex.  9.5  (a) 


9.5  Synchronous  Counter 
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In  asynchronous  counter  mainly  two  problems  were  present,  glitch  and  delay  in  counter.  To  avoid  this, 
synchronous  counter  came  into  picture.  Synchronous  counter  is  now  most  widely  used.  Generalized  block 
schematic  of  synchronous  counter  is  shown  in  Fig.  9.12. 


Fig.  9.12  :  Block  schematic  of  synchronous  counter 
Observation  from  block  schematic  : 

(1)  CLK  pin  of  all  FFs  arc  tied  together,  so  that  FF  changes  output  in  synchronism. 

(2)  O/p  Q  given  to  combinational  logic  circuit.  This  circuit  is  designed  in  such  a  way  that  GA  GD  Gc 

generated  from  it,  applies  proper  logic  to  input  of  FF.  so  that  wc  get  correct  next  state. 

(3)  O/p  Q  depends  upon  previous  input  of  FF,  when  CLK  edge  hits. _ 

Note  :  Presently  in  block  diagram,  JK  is  tied  together.  But  this  will  not  be  the  case  every  time,  JK  can 
be  controlled  separately  by  combinational  circuit. _ _ 

Basically  we  are  going  to  design  synchronous  counter  using, 

(1)  T  FF 

(2)  D  FF 

(3)  JK  FF  (also  JK  master  slave) _ _ _ _ 

[Note  :  Refresh  excitation  table  of  each  FF.  ' 
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9.5.1  Type  T  Design  : 

Let  s  start  designing  synchronous  counter  using  T  FF. 

sign  mod  -  4  regular  sequential  synchronous  up  counter.  Using  T  FF 

Soln.  : 

0)  No.  of  states  are  4,  for  mod  —  4  counter. 

(2)  Regular  means  n  =  N. 

0)  No.  of  FF  required  will  be  4  <  2m 

(4)  Sequential  and  up  means  0,  1.  2.  3. 

(5)  state  diagram  is  Fig.  Ex.  9.6(a). 

Combinational  circuit 
Ga 


Counters 


m  =  2 


(°) — *Q — *© — Kp 


CLKIN 

n TL 


TB 

qb 

> 

B 

ol 

CD 

A 

0 
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1 

1 

A  =  MSB 

B 

0 

1 

0 

1 

B  =  LSB 

decimal 

0 

1 

2 

*•> 

0 

Here  Q.  =  A,QB  =  B  for  simplicity 


Step  2  : 


A 

B 

0  0  11 

0  1  o  1 

(Prev.)  (Next) 

GA 

Gb 

Note  :  Prcv.  =  Previous 


i 


M 


Fig.  Ex.  9.6(a)  Fig.  Ex.  9.6(b) 

(6)  FF  A  and  B  are  used.  GA  and  GB  are  output  from  combinational  circuit  to  provide  proper  input  to 

T  FF.  circuit  will  be  as  shown  in  Fig.  Ex.  9.6(b). 

(7)  Design  of  combination  circuit  to  generate  GA,  GB. 

Step  1  :  For  generating  truth  table,  depending  upon  number  of  bits  (FF).  write  down  sequentially  all 

states. 

In  our  case  2  bits  (FF)  are  used,  states  are  4. 


from  state  diagram,  and  it  will  be  obviously  next  state. 
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In  our  case  1st  state  ~  AB  =  00  =>  Previous  state. 

2nJstatc  =  AB  =  01  =>  Next  state. 

Q\i  Step  4  :  Now  refer  excitation  table  of  T  FF.  treat  change  of  state  for  A  and  B  individually  and  write 
St  down  Ga  and  Gn  The  step  is  explained  as  follows  : 


A 

B 

0^*b  0  1  1 

0  10  0  1 

G,\ 

Gn 

0 

1 

As  A  changes  from  0  ->  0  GA  (TA)  =  0 
B  changes  from  0  ->  1  .-.  Gn  (TD)  =  1 

Step  5  :  Now  treat  previously  next  as  previous  state,  i.e.  AB  =  01  which  was  next  state  previously,  will 
be  NO J V  previous  state.  Refer  state  diagram  and  find  next  state.  In  our  ease  it  will  be  AB  =  10. 
Again  the  procedure  is  same  as  STEP  4. 


A 

o  o^ZT*  1  1 

B 

o  f  i 

[Prev.]  [Next] 

Ga 

0  1 

gb 

1  1 

As  A  clinnges  from  0  -»  1,  GA  (TA)  =  1 

B  changes  from  1  — >  0,  GB  (TB)  =  1 

Step  6  :  Now  previous  state  =  AB  =  10  and  Next  state  =  AB  =11.  again  follow  STEP  4. 


A 

0 

0 

B 

0 

1 

0  \ 
[Prev.]  [Next] 

ga 

0 

1 

0 

gb 

1 

1 

1 

As  A  changes  from  1  ->  1,  GA  (TA)  =  0 

B  changes  from  0  -»  1,  GB  (TB)  =  1 

Step  7  :  Finally  previous  state  =  1 1  and  next  state  =  0  0.  Next  we  are  completing  full  drain  of  counter. 
Follow  step  4. 


As  A  changes  from  1  ->  0,  GA  (TA)  -  1 

B  changes  from  1  -» 0,  Gn  (TB)  =  1. 
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<ablc.  next  step  is  to  draw  K-Map 
'  A  „ 
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Step  9  :  Draw  final  circuit  diagram. 


Gn  =  1  =  V 


cc 


Counters 


Fig.  Ex.  9.6(d) 


Working : 

(1)  Initially  counter  is  Reset,  AB  =  00 

(2)  At  1st  CLK  edge,  TA  =  0  as  B  =  0,  TB  =  1. 

/.  A  remains  constant  as  QB  toggles  from  0  ->  1.  /.  AB  =  01 

(3)  At  2nd  CLK  edge,  as  TA  =  1  (because  B  =  1)  and  TD  =  1, 

A  and  B  both  will  toggle,  giving  AB  =  10 
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(4)  At  3rd  CLK  cdpo  r  -  n  - - — 

d8c-  I,  -  o  as  B  =  ()  and  Tx  =  |. 

•••  A  =  unchanged.  B  -  toggle  .  AR_n 

(5)  Finally  at  4th  CL  K  pHo  t  •  •  AB  1 1 

CLK  edge.  Ta  =  1  and  B  =  1  T  =1 

Now',h^r„,B(2O,h'Vill,O88lerr0m.'^0  .  .  AB  -  0(1 

states.  ^  an<^  ^  continue  till  CLK  is  present,  and  counter  generates  required 

falling  edge  is  dinl*!'0,  x'  <u  cfonn  in  Fig.  Ex.  9.6(d)  with  waveforms  of  ripple  counter,  vou  will  find  that 
changes  s,L  O^.Y  " ^  °"  Qa  ”  Qb  °"lpUL  bCCaUS°  CLK  is  “ 

and  A^hotddTlsotoggll  °R  °UERY  tha‘  "hcn  lS'CLK  cdgc  WtS-  8  changes  from  0  1 

-pi 

settled  Hnum  Cr/°r  <^ou^)t  *s  ^  changes  from  0  — »  1  after  propagation  delay  of  1  FF,  then  it  gets 
is  over  hem  311  a  ^  S^na^  caPable  to  toggle  A.  But  till  B  gets  settled  to  1.  CLK  edge  duration 
hut  rhnvw  USe  C  J*es  are  s^arP  and  of  short  duration.  A  cannot  toggle  depending  upon  next  state  of  B. 

t0  previous  State  of  B.  This  point  is  very  veiy  important. 

Now  onwards  we  are  going  to  solve  more  example.  But  the  methodology  will  be  same  either  it  is  I 
- - IFF  orD  FF  or  JK  FF  or  SR  FF. 


Ex.  7  : 


Design  synchronous  counter  for  state  diagram  shown  in  Fig.  Ex.  9.7. 

(p—Q- <^) 


Fig.  Ex.  9.7 


Soln.  : 


(1)  Counter  is  sequential,  but  truncated 

(2)  No.  of  states  n  =  6.  /.  n  =  6  <  2m  ,  m  =  3 

As  m  =  3,  2?  =  8  =  N  n  <  N  (truncated  counter). 

(3)  Up  counter  (observe  from  given  sate  diagram) 

(4)  Truth  table  for  designing  combinational  logic  circuit. 


A 

B 

C 

t  . 

o'  -> 

0 

-> 

0 

-> 

0 

-» 

1 

-> 

1 

0  -> 

0 

-» 

1 

-> 

1 

-> 

0 

-» 

0 

Q  -> 

1 

-> 

0 

-> 

1 

-> 

0 

-> 

1 

Ga 

0 

0 

0 

1 

0 

1 

Gb 

0 

1 

0 

1 

0 

0 

Gc 

1 

1 

1 

1 

1 

1 

0 


X 

X 

X 


X 

X 

X 


cc 


Fig.  Ex.  9.7(a) 


As  shown  in  Fig.  Ex.  9.7(a)  truth  table,  valid  states  are  only  0,  1,  2.  3.  4.  and  5.  Therefore,  for 
invalid  states  i.e.  6  and  7,  GA,  GB  and  Gc  arc  takes  don't  care  conditions  because  \vc  know  that  these 

states  are  not  going  to  occur. 
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(5)  K-Map  for  GA,  G„  and  Gr 

\A  7k  a 
BC 
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00 

5C  01 

BC  11 

BC  10 


o 

O 

O 

0 

1 

r? 

5 

0 

3 

7 

0 

2 

X 

6 

Ga  =  BC  +  CA 
=  C  (  A  +  B) 


(6)  Circuit 


Fig.  Ex.  9.7(b) 


(7)  Waveforms : 


CLK 

GC 

qb 

Qa 


mirrjjrrrTTrmn 

;  ;  if i  2 

j  3  j  I  4 

;  5j  j  6 j  7 1  8i 

1  0 

0 

i 

o 

o 

: - i  '1 

•  i 

\  ■ 

j  1  | 

i  1  1 

i 

j  p 

0 

i 

i 

0  j  -  0  J  0 

i  ° 

o 


0 


Decimal  state  0  i  1 


i 


2  i  3 


I7 


CLK 

pulse 


t 


i  '  1  °  o  }  o 

. - •  1 - i — ; — i — 


i  4  i  5  i  0  i  1  i  2 

5t  .  i  .  nd 

1  cycle - M - 2  cycle 


Fig.  Ex.  9.7(c) 


Ex  8  :  Design  synchronous,  non-sequential  counter. 
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Soln. 


Fig.  Ex.  9.8 


(2)  Whiled c s  1  cn fn  q  U  C  °  d  al  as  we,j  as  truncated. 

maximum  count^onh11  SCC^ucnt'a*  countcr,  instead  of  number  of  state  you  should  consider 

_  _  lc  slatc  our  case  maximum  count  of  a  state  is  7.  To  represent  7  in  binary 

rc(lmrc  3  bits  (11 1)  and  therefore 
As  m  =  3.  n  =  ?3  =  s  J 

(3)  Wl  1  11  ^  O 

down  tnit^  V*!c  3S  t0*^  in  b-x-  6,  (7).  step  I.  depending  upon  number  of  bits  (FF).  write 

aown  states  sequentially.  In  our  case  N  =  8  as  m  =  3. 

(4)  TmtlnabkSU^°SC  l°  'VI^te  down  0  to  7  sequentially,  refer  Fig.  Ex.  9.8(a)(Truth  table) 

i - - - 


0-7© 


7-5© 


3-0© 


5-3© 

0 


MSB 


I  -»  LSB 


0-7 


->  Vr 


Step  1 

Step  2 
Step  3 

Step  4 


Step  5  : 


Step  6  : 


Step  7  : 


Step  8  : 


_ _ _ Fig.  Ex.  9.8(a) _ 

Write  standard  table  A.  B.  C  and  GA,  GB,  Gc.  ”  "  | 

Write  0-7  states  sequentially  under  A,  B.  C. 

Write  down  X  (don't  care)  for  invalid  states.  For  our  case  invalid  states  are  1.  2,  4,  6,  .-.  for  1, 

2,  4,  6?  Ga,  Gb,  and  Gc  are  X  (don't  care). 

Now  the  steps  are  standard. 

Start  from  1st  state  of  state  diagram  i.e.  0.  Next  state  is  7. 

So  the  transition  is  as  shown  in  Fig.  Ex.  9.8(a)  by  (a).  Previous  state  of  ABC  =  000.  Next 
state  of  ABC  =111. 

.-.  Ga,  Gb  and  Gc  =111.  written  under  column '  0  -  7  '  (shown  in  Fig.  Ex.  9.8(a)). 

2nd  transition  is  from  7-5  (shown  by  arrow  (b) ). 

ABC  changes  from  111  to  101.  .\  GA  =  0,  GB  =  1  and  Gc  =  0.  written  under  column 

'  7  —  5  ' 

3rd  transition  is  front  5-3  (shown  by  arrow  (c) )  ABC  changes  from  101  to  01 1.  .\  GA  =  1, 
r,_  =  1  and  G„  =  0.  written  under  column '  5  -  3  '. 

B  ^ 

Final  transition  is  from  3  to  0  (3  0)  (shown  by  arrow  (a) ). 

ABC  changes  from  01 1  to  000.  .-.  GA  =  0  GB  =  1  Gc  =  1,  written  under  column '  3  -0  ' 
After  going  through  one  full  cvcle  draw  K-Map. _ _ 
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9.6  Bushing  : 


Fig.  Ex.  9.8(b) 

^  [ASKED  IN  EXAM  -  MAY  96,  MAY  97,  DEC.  97  !!!  ] 


(p— <p 


If  you  observe  examples  solved  uptill  now,  in  full  sequence  'O'  is  always  present 

and  once  counter  enters  in  valid  state,  it  will  continue  the  chain  unless  and  untill  power  _ _ 

supply  is  switched  off.  To  enter  in  the  chain  we  use  power  on  reset  circuit,  therefore  first  Fig.  9.13(a) 
state  is  normally  'O'. 

Problem  : 

(1)  In  some  of  the  applications  we  don't  require  'O'  state  at  all. 

(2)  Secondly  due  to  power  supply  fluctuation  (glitch  of  power  supply).  Electromagnetic  interference 
and  RFI  (radio  frequency  interference),  it  may  happen  that  counter  will  enter  in  invalid  state  In 
Ex.  8.  invalid  states  are  1,  2,  4,  and  6. 

If  due  to  problem  stated  above  it  enters  in  to  invalid  condition  then  what  will  happen  ? 

Here  your  luck  factor  counts. 

(1)  LOCK  OUT  STATE  (IF  LUCK  IS  BAD). 

It  may  happen  that  counter  will  lock  itself  in  invalid  states  only.  Let's  say  in  above  case  counter  enters 
into  state  1,  because  of  logic  circuit  next  state  happens  to  be  6.  After  6  next  state  happens  to  be  1  (oh, 
no).  Then  counter  will  toggle  between  two  state  only,  as  shown  in  state  diagram. 
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(2)  If 


Blit  don’t  trv  ^  cnou6^  n^,cr  entering  into  invalid  stale  it  may  switch  over  to  valid  state 
state  diao  RC  ^°Ur  Prccn,lt|on.  As  a  precautionary  step  we  implement  btnhin%  to 

though  it  ente  US^'n^  mcans  branches.  We  arc  going  to  branch  invalid  states  in  such  a  way  that  even 

Follow;™  n,°  sla,c  a^tcr  onc’ tuo  or  three  CLK  ticks  it  will  enter  into  valid  state  chain, 

arc  sonic  of  the  examples  for  implementing  bushing  in  Ex.  8  : 


(b)  Enters  in  valid  chain  after  one  CLK 


(c)  Enter  in  valid  chain  after  one  CLK 


Fig.  9.13 


Thus  onc  enn  have  'n'  number  of  combinations.  Choice  depends  upon  designer. 


Ex.  9  :  Implement  synchronous  counter  for  state  diagram  shown  in  Fig.  Ex.  9.9 
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talcs  with 


Procedure 
7. 


;  prev; 


After  completing  main  loop,  you  can  take  branch  by  branch. 
For  our  ease. 


For  our  case. 

First  branch  is  2.  4,  3.  2 

Second  branch  is  5,  7.  5  — »  7 


t0  ,  ,  .  tO 

- >4  and  4 - >  3. 


->  7 


Third  branch  is  0,  7  3 - ?  / 

Accordingly  you  write  down  GA,  GB  and  Gc 

(4)  K-Map  : 


\  *  o  1  i 

b 

J 

0 

4 

0 

i 

0 

5 

i 

3 

0 

7 

'/////■ 

Ki) 

WM 

v/!v 

if 

m 

G 

v  t 

Ga  =  C  +  AB 


A  , 

0  1 

A. 

) 

4 

§ 

s 

0 

C!, 

.  b 

i 

5 

0 

3 

0 

7 

2 

1> 

6 

1 

f 

Gq  =  b  +  c 


BC 


0 


00 


01 


11 


10 


d 


o 


0 


0 


?A^ 


D 


0 


1 


ll 


Gq  =  AB  +  BC 
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Fig.  Ex.  9.9(b) 


Excitation  tabic  for  D  FF  is  already  known  to  us.  Methodology  for  designing  counter  using  D  FF  is 
same  as  that  of  T  FF.  You  track  for  changes  in  the  state  and  accordingly  write  Gv  G((  and  Gr.  and  so  on. 

Ex.  10  :  Design  synchronous  counter  for  state  diagram  shown  in  Fig.  Ex.  9.10  using  D  FF 
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Digital 

Circuit  diagram  : 


Combinational  logic 

Fig.  Ex.  9.10(a) 


Ex.  11  :  Design  synchronous  counter  using  D  FF. 


(1)  Counter  is  non  sequential  with  busing. 

(2)  No.  of  FFs  required  are  7  <  2nl  m  =  3. 
2m  =  n  =  2?  =  8.*.  0-7  states  are  present. 

(3)  Truth  table. 
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Fig.  Ex.  9.11(a) 


Ex.  12  :  Design  counter  to  go  through  the  following  states  0-1-3-4-6-0.  Draw  the  logic  diagram. 
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SOln'  '  (I)  No  °fFFs  required  will  be  3 

(-)  State  diagram  :  Refer  Fig.  E\  9  12. 
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(3)  Truth  table  : 


Fig.  Ex.  9.12 


(4)  K- 


BCX 

00 

01 

11 

10 


0 


0 

0 

s 

4 

0 

i 

§ 

5 

1 

3 
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|g| 

2 

0 

6 

BC' 

00 

01 

11 

10 


0 

) 

T 

4 

>, 

in 

X 

0 

i 

X  7 

X 

1 

0  6 

BC 

00 

01 

11 

10 


0 


G.  =  AB  +  AB  =  A  ©  B 


T 

0 

0 

4 

1 

1 

X 

5 

0 

3 

X  7 

X 

2 

0 

6 

Gg  =  AB  +  BC 


Gc  =  A  B 


(5)  Circuit  diagram  : 

CLK  o- 


Da 

- 

CLK 

A 

Qa 

Qa 

Fig.  Ex.  9.12(a) 
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Com 

Wc  liavc  already  'S  U1°St  "idcIy  uscd  Hcrc  J  and  K  terminals  arc  controlled  separately. 

rcatv  generated  excitation  table  for  JK-FF. 

block  schcnniir  dLM8n  g°CS‘  mclllod  Is  samc  ns  wc  followed  uptill  now.  Fig.  9.14  shows  generalized 
LIKninI'c  >or  counter  using  JK.  b 


Fig.  9.14 

As  shown  in  Fig.  9.14. 

(1)  CLK  IN  of  all  FFs  arc  tied  together,  (synchronous  counter) 

(2)  Qa.  Qb,  Qc  outputs  are  fed  to  combinational  circuit. 

(3)  Depending  upon  next  state  combinational  circuit  generates  proper  J  and  K  input  for  A.  B  and  C 
FF. 

Note  :  Number  of  FFs  may  be  of  any  numbers. 


Ex.  13  :  Design  a  modulo  -  6  counter  using  JK  FF.  Explain  its  action  by  writing  a  truth  table  and  draw 
wavefoms  for  the  outputs  of  the  flip  flops. 

Soln.  :  (I)  State  diagram.  Modulo  6  means  0  to  5. 
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(3)  Truth  Table  : 


BC 

00 

01 

11 

10 


m 


x 


X 


0 


Tn 


y 


X 
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Ex.  14  .  Design  sync  counter  using  M/S  JK  FF  to  count  sequence  in  four  bit  XS-3 
Soln. :  (J)  In  XS-3  valid  codes  are  from  decimal  3 
to  12. 

(2)  Invalid  states  are  0,  1,2,  13,  14,  15. 

(3)  No.  of  bits  are  4.  FFs  are  required. 

N  =  2m  =  24  =  16 


(4)  State  diagram  (shown  in  binary). 

(5)  Truth  table : 


Fig.  Ex.  9.14(a) 
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K-Map  : 
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CC 


(6)  Circuit  diagram  : 


Fig.  Ex.  9.14(b) 
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Implement  synchronous  counter  using  JK  FF.  for  state  diagram  shown  in  Fig.  Ex  9.15. 


)  1 

0 

Jp‘ 

D 


Soln.  :  (l)  Counter  with  busing. 
(3)  Truth  tabic: 


Fig.  Ex.  9.15 


(2)  No.  of  FFs  required  will  be  2. 


(4)  K-Map 


Ja=B 


ka  =  b 


JB  -  A 


(5)  Circuit  diagram  : 


CLKINo- 

JTTL 


JB  V  ke 


B 


Qr 


Up 


JA 

"v" 

Ka 

D 

> 

A 

Sa 

KB  -  A 


Fig.  Ex.  9.15(a) 


Ex.  16  :  Design  a  decade  counter  using  4  FFs. 

Soln. :  Counter  is  decade  counter  or  Modulo  10  counter.  .\  states  are  from  0  to  9. 
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0-GKE MD-O 


0^0— ©— ©—0 


also. 


Fig.  Ex.  9.16(a) 

(2)  No,  of  FFs  arc  4.  N  =  2"'  =  2'1  =  16  stales. 

states  10  to  15  arc  invalid  states. 

(3)  Del’s  use  M/S  JK  FF. 

(4)  Truth  table. 

F’ptill  now  we  luxe  drawn  truth  table  horizontally.  For  more  states  one  can  prefer  vertical  truth  table 
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(6)  Circuit  diagram  : 


Fig.  Ex.  9.16(b) 

Ex.  17  :  By  using  JK  FF,  design  counter  to  go  through  states. 

0-1-3-5-7-9-11-13-15-0. 

Soln.  :  (1)  State  diagram  : 


Fig.  Ex. '  9.17(a) 

(2)  States  are  1 5  <  2m 


•••  N  =  2ni  =24=  16  .-.  0  to  15 


. . .  . . . r  i  i  i  *  i  »»  l  /x  \J 
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Controlled  Counter : 


Fig.  Ex.  9.17(b) 


switch  over  to  other  sTg^ceTo^  the  rC^l"rc  onc  or  inorc  count  sequences.  Question  is  that  how  to 
er  sequence,  for  the  standard  hardware.  Let’s  say  we  want  sequence 

c ZM3 


.Fig.  9.15  pig  9  16 

use  CONTROL  I/P.  ^  Sin°0th  SWItch  °VCr  from  onc  scclucncc  to  other.  Here  we  arc  going  to 


•  esign  bit  counter  with  input  control  signal  E.  The  counter  will  undergo  the  steps 

U  z  —  4  —  6  —  0  if  control  signal  e  is  held  high.  ir  , 

Soln.  :  C0U  ^  Under9°  St6pS  1  -  3  ~  5  "  7  -  1  if  control  signal  E  is  held'L  ’  S) 


Control 
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(1)  No.  Of  FFs  required  will  be  7  <  2in  . .  -  , 

S  4-6.0:  2  is  1.3,5,  7,1 


Counters 


m  =  3 


rn  wi  n  ,  .  *  o.  u  :  /  is  i.  3.  3,  7.  1 

ilc  making  truth  table  take  into  account  E  (control  signal). 

equation  \\e  see  that  master  control  line  E  is  not  coming  into  picture.  So  have  a  look  to 

lienee. 


E  =  0 

E  =  1 

A 

B 

c 

A 

B 

c 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

.0 

1 

Circuit  diagram  : 


C  =  0  permanently  as  E  =  0 
C  =  1  permanently  as  E  =  1 

Connect  E  to  preset  and  clear  of  last  FF.  (C)  FF. 


-TLTLTL 


Fig.  Ex.  9.18(a) 


9.10  Presettable  Counter : 

As  we  have  discussed  previously  that  sometime  counter  will  not  start  from  '()’  stale.  It  will  start  from 
some  predefined  state.  Let's  say  we  want  to  down  count  from  decimal  10.  So  preset  counter  to  start  10. 
apply  CLK  pulses,  so  it  will  count  down  to  9,  8,  7,  ...  to  0.  After  that  it  will  again  start  from  10. 

Counters  can  be  preset  to  any  desired  starting  count  either  synchronously  or  asynchronously.  This  can 
be  done  using  PRESET  and  CLEAR  terminals  of  FF. 

Fig.  9.17  shows  3  bit  parallel  presettable  up  counter. 

(1)  Counter  is  synchronous 

(2)  Asynchronous  inputs,  preset  and  clear,  are  controlled  through  load  signal. 

(3)  Steps  for 'Preset', 

(a)  Apply  required  count  (step)  to  P2,  P,,  P0.  Let's  say  P2,  P,P0  =  101 

(b)  Apply  'LOW'  going  signal  to  'LOAD'  pin 

(c)  output  of  NANDI,  NAND3  =  0  and  NAND2  =  1  at  the  same  time  NAND4.  NAND6  =  1 
and  NAND5  =  0. 

FF  B  will  be  reset  and  AC  will  be  preset 


:  ABC  =  101. 

(d)  CLK  is  not  going  to  affect  above  action. 
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(■J)  After  presetting  apply  CLK  pulse  so  that  counter  can  start  next  count 


CLK  IN 


9.11  1C  7490: 


Fig.  9.17 


IC  7490  is  TT1  MSI  decade  counter.  It  contains  four  M/S  FF  arid  additional  gating  to  provide  divide 
by  2  counter  (Mod-2)  and  three  stage  binary  counter  which  provides  divide  by  5  counter  (Mod-5). 

Fig.  9.18  shows  block  schematic  of  IC  7490. 


Reset  I/Ps 


Preset  terminals 


R0(1)  R0(2) 


MOD-2 


MOD-5 


oA  i/pb  QbQcQd 

Fig.  9.18 

7490  have  gated  zero  reset  (Ro(i)>  Ro(2))  and  Sated  set  t0  inPuls  R*>( \y  R.,(2)  for  use  in  BCD 

nine's  complement  applications. 

Input  A  NC  Qa  Qd  GND  Qb  Qc 


qa  QD 


B  Rf 


R9|1)  R9<2> 


Input  B  R0(1)  R0(2)  nc  vcc  r9(1)  r9(2) 

Fig.  9.19  (a) :  Pin  configuration 
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Inputs 

Output 

^1) 

^0(2)  j 

^2) 

Qd 

Qc  1  Qn 

Q, 
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0 

0 

X 

X 
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1 

0 

0 

1 

X 

0 

X 

0 

COUNTER 

0 

X 

0 

X 

COUNTER 

0 

X 

X 

0 

COUNTER 

X 

0 

0 

X 

COUNTER 

Fig.  9.19(b) 


Set  to  1001 


If  CLK  applied  it  will  count  or 
step  from  previous  to  next  step 


Fig-  9.19(b)  Shows  truth  table. 

As  shown  in  truth  table  when  -  R0(2)  =  l  IC  7490  Reset. 

When  R9(1)  =  =  ic  7490  sets  t0  1001  decimal) 

rr  $°0nc  has  t0  Provide  logic  1  to  these  input  temporarily,  set/reset  it  and  lower  the  input  terminals  so 
/4J0  can  start  counting  as  CLK  pulses  applied  to  it. 

Note  :  (1)  qa  o/P  toggle  at  each  Falling  edge  of  CLK  applied  to  Input  A  pin. 

- (2)  States  of  mod  -  5  counters  are  0,  1,2,  3,  4,  0. _ 

Ex.  19  :  Implement  sequential  decade  counter  using  IC  7490  and  write  counter  states. 


Soln.  :  In  IC  7490  mod-2  counter  and  mod  -  5  counter  is  available  .-.2x5=  10  .-.  gives  decade  counter. 

As  mentioned  in  above  example,  requirement  is  sequential  decade  counter.  .\  Apply  CLK.  IN  to 
INPUT  A  pin.  Output  QA  is  connected  to  INPUT  B  i.e.  input  of  mod  -  5  counter.  Output  terminals  are  Qn 
Qc  Qb  Qa>  where  Qd  =  MSB>  Qb  =  LSB  connections  are  shown  in  Fig.  Ex.  9.19(a). 


Fig.  Ex.  9.19(a) 

Important  point  to  be  remembered  is,  now  at  each  fulling  edge  of  Q  ,0/P.  mod  5  counter  will 
increment.  And  QA  cliange  at  falling  edge  of  CLK  input. 


r  irr-iTMfwrMTTni»“*' '  •  .  1 

Scanned  by  CamScanner 


9  48 


prcsc 


Digital 

T  ho  count  sequence  can  be  whiten  as. 


Counters 


Fig.  Ex.  9.19(b) 

If  you  observe  Fig  Ev  9  iq/m  . 

ooo.  When  Q  changed  from  1  ->  o  cTo™'6  h“  ^ a’  a"d  <)a  scpcrmclv  lml'allv  QD  Q  Q  = 
remains  unchanged.  Q°  Qc  Qb  Changed  ,0  °01'  2"d  CLK  period  state  of  Q„  Qc  Qb 


Fig.  Ex.  9.20 

So/n. :  Remember  now  tliat  HIGH  to  LOW  transition  of  n  ,  t, .  . 

m0d  ~  5  coums  {rom  1.  2,  3.  4,  0.  Binruy  count  table.0  '08S  Q''  0",P"'  a"d  Also  re">emb 
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0 

0 

Counters 


Initially  reset 


^ . . '  '-vyuiuti  uamy  /M3U 

Soln.  :  Modulo  -  7  means  states  are  from  0.  1,  2,  3.  4,  5,  6.  0. 

We  have  to  reset  counter  IC  7490  when  QD,  Qc,  QB  QA  =  0111. 

Design  Reset  Circuit. 

The  way  of  designing  reset  circuit  is  same  as  that  of  asynchronous  counter.  O/p  of  reset  circuit  shou 
be  HIGH  because  and  R0(2)  arc  'active  high'  inputs. 


K-Map 


output  sliould  be  low  for  states  0  to  6. 
Output  should  be  HIGH  for  states  7  onwards. 


BA 


DC 


00 


01 


11 


10 


00 

0 

0 

•11! 

1 

0 

4 

8 

01 

0 

0 

• 

1 

.v.y.v.;.v.v 

Xvivivilviv 

1 

1 

5 

13 

9 

11 

0 

m 

0 

1 

3 

7 

15 

11 

10 

0 

0 

J 

ij 

2 

6 

14 

10 

Y  =  D  +  ABC 


Y  =  D  +  ABC 

Normally,  we  connect  Y  output  to  Reset  terminal 


Fig.  Ex.  9.21(a) 
final  diagram  is. 


-  ■  •  '•  V  “.«?r  T” 
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' cc 


CLK  IN 


Jin_ 


~^r  GNQ 


Input  A 

R9(1) 

IC  7490 

Input  B 

*9(2) 

R0(1) 

°D  Qc  Qb  Qa 

*0(2) 

t  t  T 

Qd  Reset  circuit 


Counters 


Fig.  Ex.  9.21(b) :  Reset  circuit 

Ex.  22  :  Design  divided  by  100  using  1C  7490. 

Soln.  : 


CLK  IN 

o - H 

Jinn 


R0(1)  r0(2)  R9(1)  R9(2) 
I/PA  1C  7490(1) 


V, 

li 


CC 


I/P  B 


Qa  Qp 


Qc  qd 


GND 


XT 


*0(1)  R0(2)  *9(1)  *9(2) 


I/P  A  |C  7490  (2) 
I/P  B 


VCC 

i 

^GND 


Qp 


Qc  Qq 


Vary  0  to  9  (LSB) 

Fig.  Ex.  9.22(a) 

The  problem  is  nothing  but  asks  for  cascade  of  IC  7490. 


Vary  0  to  9  (MSB) 


Each  IC  7490  gives  +  10  count  (Mod  10)  .-.  2  IC  gives  10  x  10  =  100  counts. 

Observe  Fig.  Ex.  9.22(a).  IC  7490  is  in  standard  -s-  10  mode  i.e.  CLK  output  to  Input  A. 
connected  to  Input  B  and  R^j),  Ro(2)>  R^(2)  are  grounded.  For  cascading  simply  connect  QD  of  1st 

stage  (IC  7490  (1))  to  Input  A  of  next  stage  (IC  7490  (2)).  Both  IC  combincly  provides  count  from  00  to 
99  decimal  i.e.  total  100  states.  .-.  100  counter. 


Ex.  23  :  Design  divide  by  96  counter  using  7490  IC's. 

Soln.  :  The  problem  asks  for  cascading  of  IC  7490  as  well  as  resetting  in  between. 

As  far  as  cascading  is  concern  circuit  will  be  same  as  that  of .  except  Ru(1)  ro  will  not  be 

grounded.  It  will  be  given  to  reset  circuit. 

Normally  for  designing  reset  circuit,  we  draw  K-Map.  For  4  to  5  variable  drawing  K-Map  is  OK.  But 
for  96  count  drawing  K-Map  will  be  unnecessary  complicated. 

/.  Implement  simple  logic. 
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IC  7490  (2)  IC  7490(1) 


Counters 


B  °A 


QC 


1  0  0  10  110 


Fig.  E\.  9.23(a) 


Select  ones  and  give  that  to  AND  gate  as  output  required  is  HIGH  to  reset  IC  7490. 
•  •  Final  circuit  diagram. 


9.12  IC  7492  : 

- r  - - - - 

IC  7492  is  TTL,  MSI  divide  by  12  counter.  IC  7492  is  having  2  counter  inside  it.  mod  2  (-*-  2)  and 
mod  6  (h-  6)  counter. 

Combination  of  both  gives  2  x  6  =  12  +  12  counter. 

Block  schematic  of  IC  7492  : 


Reset 
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Countor^ 


Fig.  9.20  shows  block  schematic  of  IC  7492.  For  mod  6  counter  1C  7492  counts  from  0.  1.  2,  4,  5.  (, 
0.  (Observe  sequence  carefully,  state  3  is  absent). 


Fig.  9.21(a) 


Ex.  24  : 


(a)  Write  down  truth  table  for  Mod  6  counter  in  IC  7492 

(b)  Write  down  truth  table  for  Mod  -  12  counter  in  IC  7492,  if  CLK  IN  is  given  to  Input  A  and 
Input  B  Qa  is  shorted. 

Soln.  .  (a)  Truth  tabic  of  IC  7492  for  mod  6  counter.  As  wc  know  that  internally  IC  has  mod  2  and  mod  6 
counter.  So  use  only  mod  6  counter.  CLK  IN  gives  to  Input  B  and  outputs  arc  Q,,  Q(.  Qn  only.  State  are 


CLK  edge 

Qn 

Qc 

Qn 

Decimal  equivalent 

1st 

0 

0 

0 

0 

2nd 

0 

0 

1 

1 

3rd 

0 

1 

0 

2 

4II1  ’ 

1 

0 

0 

4 

5th 

1 

0 

1 

5 

6th 

1 

1 

0 

6 

n  til 

0 

0 

0 

0 

Fig.  Ex.  9.24(a) 

(b)  In  litis  part. 

(i)  Give  CLK  IN  to  Input  A 

(ii)  Connect  Input  B  to  QA. 

.-.  Circuit  will  be 
as  shown  in  Fig.  Ex.  9.24(b) 


oint  to  be  remembered.  IN] 

)  Qa  toggles  at  each  falling  edge  of  CLK  IN. 
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(2)  Qn  Qc  Q,,  will  change  state  at  each  /ailing  edge  of  QA.  w 

Working  : 

Refer  Fig.  Ex.  9.24(a). 

(1)  Initially  Ql)  Qc  Qh  QA  (DCOA)  =  ()()()() 

(2)  At  first  CLK  edge,  a  changes  from  0  ->  1  (rising  edge,) 

000  DCBA  '•  0001. 

(4)  At  2n<1  CLK  edge,  A  toggles  from  1  ->  0  (falling  edge.) 

°CB  will  cl  range  from  000  to  001.  (from  Fig.  Ex.  9.24(a).  DCBA  =  0010 
(4)  3  CLK  edge,  A  changes  from  0  — >  1  (rising  edge), 

DCBA  -  001 1. 

(•*’)  ‘1  CLK  edge,  A  changes  from  1  — >  0  (falling  edge), 

DCB  changes  from  001  to  010.  /.  DCBA  =  0100. 

(0)  At  5  1  CLK  edge,  A  changes  from  0  — >  1  (rising  edge), 

DC  13  "  unchanged  ,\  DCBA  =  0101. 

(7)  At  61'1  CLK  edge,  a  changes  from  1  — >  0  (falling  edge), 

DCB  changes  from  010  to  100  (Decimal  count  Oil  is  not  present  in  mod  6  refer 
Fig.  Ex.  9.24(a) 

DCBA  =  1000 

(8)  At  71'1  CLK  edge,  a  change  from  f  — >  1, 

DCB  =  unchanged.  DCBA  =  1001. 

(9)  At  8l1'  edge,  a  cliangcs  from  1  — >  0, 

DCB  changes  from  100  to  101. 

.-.  DCBA  =1010 

(10)  At  9th  CLK  edge,  a  changes  from  0  ->  1, 

DCB  unchanged,  DCBA  =  1011. 

(11)  At  I011'  CLK  edge,  A  changes  from  1  — >  0, 

,\  DCB  changes  from  101  to  1 10 

DCBA  =  110 

(12)  Finally  at  1  Ith  CLK  edge,  A  changes  from  0  — >  1, 

DCB  unchanged,  DCBA  =  1101. 

Truth  table  is  written  as  follows. _ 


n 

*-* 

* 

n 

tF 

n 

Q., 

Qc 

Qn 

Qa 

Decimal  equivalent  1 

1 

0 

0 

0 

0 

0  1 

2 

0 

0 

0 

1 

l  1 

3 

0 

0 

1 

0 

2  1 

4 

9 

9 

1 

1 

3  1 

5 

0 

1 

0 

0 

4  1 

6 

0 

1 

0 

1 

5  1 

7 

1 

0 

0 

0 

8  1 

8 

1 

0 

0 

1 

9  1 

9 

1 

0 

1 

0 

10  1 

10 

1 

0 

1 

1 

11 

11 

1 

1 

0 

0 

12 

12 

1 

1 

0 

1 

13  1 

13 

0 

0 

0 

0 

0  1 

Fig.  Ex.  9.24(c) :  Truth  table  for  mod  12  counter 
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9.13  Synchronous  Counter  ICs  : 


Lot’s  study  some  synchronous  counter  ICs. 


[ct  ^ 
\\cw 

\cv\vv 

3\\sV 

& 

O' 

c« 


IC  74190 


IC  74190  is  UP/DOWN  deende  counter  with  preset  and  ripple  clock.  It  is  a  reversible  BCD  (8421) 
decade  counter  featuring  synchronous  counting  and  asynchronous  presetting.  Reversible  BCD  means  it  can 
count  0,  1,  2.  3.  4,  5,  6.  7.  8.  9.  0  i.c.  up  and  9.  8,  7.  6.  5.  4,  3.  2,  1.  0.  9  i.c  down.  Asynchronous 
presetting  means  parallel  input  data  can  be  loaded  at  any  instant,  it  is  not  dependent  upon  CLK.  input. 

Pin  configuration  and  logic  symbol  is  as  shown  in  Fig.  9.22. 


11  15 


10 


Fig.  9.22 


Let's  sec  die  pin  names  and  function. 
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PIN  NAMES 

DESCRIPTION 

CE 

Count  enable  input  (Active  low) 

CP 

Clock  pulse  input  (Active  rising  edge) 

Po  “  ^3 

Parallel  data  input 

PL 

Asynchronous  parallel  load  input  (Active  low) 

U/D 

Up/Down  count  control  input 

0  -  up  count 

1  -  down  count 

Q0-Q3 

Flip  Flop  outputs 

RC 

Ripple  clock  output  (Active  low) 

TC 

Terminal  count  output  (Active  HIGH) 

happen  because  of  supply  fluctuation  or  noise  it  may  enter  in  invalid  stale  i.c.  10  to  15.  then  how  74190 
behaves  7  This  point  can  be  explained  by  slate  diagram. 
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Refer  Fig.  9.23 

(I)  m'1':;,'0'""0'-  co,",,s  "l>  (Shown  by  (lark  line) 

b!kI  0  aP  IS  . 2- 3.  4.  5.  6,  7.  8.  9.  0 

Bushing  branches  arc 

d)  14.  15,  2 

(2)  12,  13,  4 

(3)  10,  II,  6 

.mvin,,2'  !,and„6  arc  valid  sla,cs  Wow  case  counter  will  lake 
nmimum  three  CLK  cycle  to  enter  in  main  loop 

\  ben  counter  counts  down  (Shown  by  dotted  line) 

5fa,in,0°P  .  9-  8.  7,  6,  5.  4,  3,  2.  1.  0.  9 

Bushing  branch  is  -»  15,  14,  13,  12.  11.  9. 

.  ,  C  ^la'  c  on^  onc  branch.  In\vorst  case  situation  counter  will 

lake  maximum  7  CLK  cycles  to  enter  valid  states. 

Different  Modes  of  74190  : 


Dotted  line 
tor 

"down  count’ 
Fig.  9.23 


Dark  line 
for 

"count  up" 


74 1 90  lias  different  modes  of  operation.  Modes  are  selected  by  PL  .  CE  .  U/D  pins. 


III 

Hits 

MODE 

PL 

CE 

U/D 

CP 

1 

0 

0 

_r 

Count  Up 

1 

0 

1 

_r 

Count  dow  n 

0 

X 

X 

X 

Preset  (Async.) 

1 

1 

X 

X 

NC  (Hold) 

We  will  study  all  these  modes  step  by  step. 


COUNTUP 


DATA  INPUT 


V 


JUTTL 

o— 


CLOCK 

PULSES 


cc 

▲ 


^3  ^2  Pi  Pq 


CP 

FU 

U/D 

74190 

nu 

UF 

TC 

q3 

q2  q, 

Qo 

-oNC 


-o  NC 


R  =  470  Q 


Fi^  9.24  :  UP  Counter  Using  1C  74190 
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For  counter  counting  up  one  has  to  tic  PL.  -  1  and  CF  -  U/D  -  0  Apply  clock  pulses  and  counter 
counts  up.  The  circuit  is  as  shown  as  Fig  9  24 


COUNT  DOWN 


For  counter  counting  down  lie  Pl.  =  1  =  Vrc  and  U/D  =  1  =  Wcc .  CE  =  0.  Apply  clock  pulses 
nd  counter  w  ill  start  counting  dow  n  The  circuit  is  as  shown  in  Fig  9.25 

DATA  INPUT 


Fig.  9.25  :  Dow  n  Counter  Using  IC  74190 


When  you  need  programmable  divider  one  should  PRESET  output  Q0  -  Q,  to  the  required  count  and 


start  counting. 

The  Fig.  9.26  shows  experimental  set  up  for  studying  presettable  Up/down  counter 


Case  1  : 
Step  1  : 
Step  2  : 
Step  3  : 

Step  4  : 

Step  5  : 
Step  6 : 


Presettable  Up  counter. 

Close  switch  S2. 

Apply  the  count  to  which  you  want  to  PRESET  the  counter  to  P0  -  P,  input 

Close  switch  S,.  Moment  switch  is  closed  P0  -  P,  contents  will  appear  at  CN  -  Q0  You  can 

see  it  as  LED  glows. 

Apply  clock  pulses  (The  pulses  should  be  of  low  frequency  so  tluit  you  can  see  output  LED 
clianging) 

Release  (open)  S,  switch 

Now  counter  will  start  counting  from  presetted  count.  Let's  say  Qx  -  Q„  -•  0101  *  (5),0. 


* 
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'  ",  'vll| ’•  '*•  '  «■  '>  "",1  back  10  IV  ll  won't  ,,  ,  „  „  ,  Coun''”' 

SI  In  closed  again  /<-r<'  ""lev.  and 

"  :l;  W'""  "IU|  . . .  W . .  I"  'V  lor  pic, died  count,  tie,,  wt  |MV.  M 

. . .  cltcuii  We  will  'dudv  ll  wnltin  >k>  nine  '  “> 

DA  I A  INPUT 


It 

AAM 


I  nr  'S  p?  ('i  pr. 


AA ita 


- ONC 


74190 


-TLTLTL 

o - 

(ll  OCK 

PULSES 


i 


CP  q3  q?  q,  q0 


7y  to  to  y  ^ 


IR  SR  >R  ^  R  =  470  Ll 


£ 


(’use  2 
Step  1 

Step  2 
Step  3 


Fig.  9.26  :  Presettable  up  /  down  counter 

Presettable  down  counter. 

Open  switch  S2. 

Steps  written  in  ease  1  from  (2)  to  (5)  is  same  here  also. 

Now  counter  will  start  counting  from  presetted  count. 

Let’s  say  Q,-Q0'“  0101  =  (5)10 

Then  counter  will  count  5.  4,  3,  2,  i.  0  and  back  to  9.  It  won’t  preset  again  to  5  in  this  circuit 
unless  and  untill  S,  is  closed  again. 


HOLD 


To  HOLD  or  LATCH  the  count  in  the  counter  make  PL  =  CE  =  1  U/D  and  C'P.  both  pins  arc 


tic. i led  don't  core 


Ex.  25  :  Design  presettable  up  counter,  free  running  using  74190 
Soln. : 

(1)  Let’s  assume  presettable  count  5  =  (0 10 1  )2 

(2)  States  of  counter  will  be  ...  5,  6,  7,  8,  9,  5,  6,  7.  8.  9,  5  ... 

( I)  Design  of  combinational  circuit. 

One  has  to  design  combinational  circuit  in  such  a  way  that  when  valid  states  arc  present  output  of  the 
circuit  should  be  T  and  for  invalid  states  output  should  be  ’()’,  because  we  arc  going  to  he  output  of 
combinational  circuit  to  PL  . 


PL  -  0  ->  Preset  count 


PL  -  1  -»  Counter  Counts. 
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(5)  Circuit  diagram  : 


\?1 

q2\ 

°o 

00 

01 

11 

10 

00 

0 

0 

0 

0 

0 

i 

3 

2 

01 

0 

(i 

CO 

l) 

4 

5 

7 

6 

ii 

0 

0 

0 

0 

12 

13 

15 

14 

10 

(1_ 

i) 

0 

0 

8 

9 

11 

10 

Y  -  Q3G2C1  +  U3Q2(Q0  + 


DATA  INPUT 


Fig.  Ex.  9.25(a) 


Ex.  26  :  Design  presettable  down  counter  using  74190. 

Soln. : 

(1)  Let's  assume  presttablc  state  =  5  =  (0101)2 


\\  ’  V? 


«  \  v.  \  \  1  \  \  MV  ■,  V* ' 

*  ■  i  ,  ■  ,  ■  ■  •  • 
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ntntcs  of  co»ntcr  will  be  ...  5.  4.  3.  2.  1.  0.  5,  4.  3.  2.  1.  0.  5  ... 

'' ;  Resign  of  combinational  circuit. 

, *  s*10u^  Pr°d»ce  HIGH  output  for  above  valid  slates  and  low  output  for  remaining  Invalid  states. 

W  K  Map  : 


NPi 

°0 

00 

01 

11 

10 

>| 

00 

( 

rr-p  — 

1 

1 

1) 

sifiio 

1 

3 

2 

01 

111 

'■/I, 

0 

0 

4 

5 

7 

6 

11 

0 

0 

0 

0 

12 

13 

15 

14 

10 

0 

0 

0 

0 

8 

9 

11 

10 

Y  =  Q3Q2  + 

=  ^3(^2  +  ^1) 


(5)  Circuit  diagram  : 


DATA  INPUT 


Now  open  switch  S,  so  counter  will  start  counting. 
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Function  of  TC  and  RC  : 

Two  types  of  outputs  arc  provided  as  overflow/under  flow  indicators.  The  TC  (terminal  count)  output 
is  normally  low  and  goes  HIGH  when  a  circuit  reaches  zero  in  the  count  down  mode  or  reaches  maximum 
in  count  up  mode.  The  TC  output  remains  HIGH  untill  state  change  occurs,  whether  by  counting  or  * 
presetting  or  until  U/D  is  changed. 

Precaution  :  The  TC  output  should  not  be  used  as  clock  signal  because  it  is  subject  to  decoding 

p  'es.  The  function  of  TC  is  for  cascading  the  counter  or  for  mutilatagc  counter.  _ 

The  TC  signal  is  also  used  internally  to  enable  ripple  clock  output.  The  ripple  clock  (  RC  )  output  is 

normally  HIGH.  When  CE  is  LOW  and  TC  is  HIGH,  the  RC  output  will  go  LOW  when  the  clock 

next  goes  low  and  will  stay  low  untill  CLK  goes  HIGH  again.  The  truth  table  for  RC  output  is  shown, 
as  follows. 

RC  Truth  table, 


Inputs 

Output 

CE 

TC* 

CP 

RC 

0 

1 

XT 

XT 

1 

X 

X 

i 

X 

0 

X 

i 

*  TC  is  generated  Internally. 

We  will  learn  two  circuit.  Of  multistage  counter  using  RC  pin  for  cascading. 

1.  N  -  stage  counter  using  ripple  CLK : 

Direction  control 


Fig.  9.27  :  N  stage  counter  using  ripple  clock 


Refer  Fig.  9.27 

Each  RC  output  is  used  as  CLK  input  for  the  next  higher  stage.  This  configuration  is  particularly 
advantageous  when  the  CLK  source  has  a  limited  drive  capability,  since  it  drives  only  first  stage.  To 
prevent  counting  in  all  stages  it  is  only  necessary  to  inhibit  the  first  stage,  since  a  HIGH  signal  on  CE 

inhibits  the  RC  output  pulse. 

Disadvantage  of  this  configuration,  in  some  applications,  is  the  timing  skew  between  state  changes  in 
the  first  and  last  stage.  This  represents  cumulative  delay  of  the  CLK  as  it  ripples  through  the  preceding 
stages,  because  it  is  basically  ripple  or  asynchronous  counter. 
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2  A  meth°n0US  N  ~  StaRC  Countcr  l,sing  RiPP,c  Carry/borrow  : 

met  iod  of  causing  state  changes  to  occur  simultaneously  in  all  stages  is  shown  in  Fig.  9.28. 


Counters 


Fig.  9.28  .  Synchronous  N  stage  counter  using  ripple  carry'  /  borrow 
ock  inputs  are  driven  in  parallel  and  RC  output  propagates  the  carry/borrow  signals  in  the 

pp  fashion.  In  this  configuration  the  low  state  duration  of  the  clock  must  be  long  enough  to  allow  the 
negative-going  edge  of  the  cany  /borrow  signal  to  ripple  through  to  the  last  stage  before  the  clock  goes 
GH.  There  is  no  such  restriction  on  the  HIGH  state  duration  of  the  CLK.  Since  the  RC  output  of  any 
package  goes  HIGH  shortly  after  its  CP  input  goes  HIGH. 

Lets  study  multistage  counter  using  TC  as  cascading  line. 

(1)  Synchronous  N  -  Stage  Counter  with  Parallel  Gated  Carry/borrow  : 

To  avoid  ripple  delays  and  their  associated  restrictions,  the  following  Fig.  9.29  should  be  used. 
Direction  control 


Fig.  9.29 


(1)  Clock  terminal  of  all  ICs  are  tied  together. 

(2)  The  CE  input  for  a  given  stage  is  formed  by  combining  the  TC  signals  from  all  the  preceding 
stages.  In  order  to  inhibit  counting  an  enable  signal  must  be  included  in  each  carry  gate.  This  is 
done  because  TC  output  of  a  given  stage  is  not  affected  by  its  own  CE  . 
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1C  74191 


IC  74191  is  binary  up/down  counter  with  preset  and  ripple  clock.  If  you  compare  it  with  74190,  IC 
74190  is  decade  counter,  where  as  74191  counts  from  0  to  15.  This  IC  can  count  up  or  down 
synchronously  and  has  a  synchronous  preset.  Preset  feature  allows  the  chip  to  be  used  in  dividers.  The  pin 
configuration  and  logic  symbol  is  as  shown  in  Fig.  9.30. 


Pinout- 


Logic  symbol 


Fig.  9.30 


Pin  names  are  as  follows  : 


Pin  Names 

Description 

CE 

Count  enable  input  (Active  low) 

CP 

Clock  pulse  input  (Active  rising  edge) 

P0-P3 

Parallel  data  inputs 

PL 

Asynchronous  parallel  load  input  (Active  low) 

U/D 

Up/Down  count  control  input 

Qo -  Q3 

Flip  Flop  outputs 

RC 

Ripple  clock  output  (Active  low) 

TC 

Terminal  count  output  (Active  HIGH)  | 

74191  counts  up  from  0  to  15  (shown  by  dark  line)  and  also 
counts  down  15  to  0  (shown  by  dotted  line). 

74191  can  be  operated  in  different  inodes. 


Fig.  9.31 :  State  diagram 
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Mode  select  table 


INPUTS 

MODE 

PL 

CE 

u  /i) 

CP 

I 

0 

0 

S 

Count  Up 

1 

0 

1 

X 

Count  down 

0 

X 

X 

X 

Preset  (Async) 

1 

l 

X 

X 

No  clungc  (HOLD) 

RC  T ruth  Table 


; 


Inputs 

Output 

CE 

re 

CP 

RC 

0 

1 

i 

X 

X 

l 

X 

0 

X 

1 

Tl’c  modes  are  same  as  74190,  there  for  explanation  given  in  74190  holds  lor  74191  also. 

For  cascading  or  multistage  counter,  the  configuration  explained  in  74190  holds  for  74191  also.  RC 
truth  table  is  also  similar. 


9.14  Analysis  of  Counter  Circuit : 


Uptill  now  we  have  solved  some  example  based  on  T,  D  and  JK.  FF  design.  This  part  was  designing 
the  counter  circuit  or  synthesis  of  counter,  where  we  were  given  state  diagram  and  we  have  to  find  circuit 
for  the  same. 

Now  it  is  analysis,  i.e.  circuit  will  be  given  to  you  and  we  have  to  find  slate  diagram,  and  some  time 
unused  state  will  be  given  to  us  and  we  have  to  find  how  counter  is  going  to  bcluive. 

The  method  is  very  simple.  Explained  point  by  point. 

(1)  Firstly  present  state  will  be  given  to  you  e.g.  say  presently  counter  is  in  CBA  =  010.  now  find 
next  states. 

By  chance  if  the  state  is  not  given,  you  assume  some  state.  The  thumb  rule  is  to  start  from  000. 

(2)  This  present  state  is  now  previous  state  for  us. 

(3)  You  liave  to  now  find  out.  I/ps  to  all  the  FFs,  because  of  this  previous  state. 

(4)  After  finding  out  inputs  of  all  FFs.  assume  that  CLK.  edge  hits.  Now  you  already  know  the  input, 
you  know  the  truth  table  of  each  FF.  So  find  out  what  will  be  Q  output  of  FF.  This  'new'  state 
will  be  next  state  of  the  FF. 

(5)  Now  you  assume  the  next  state  as  previous  and  start  from  point  3, _ 

This  chain  should  be  continued  unless  and  untill  you  get  next  state .  which  is  already  existing 
previously.  For  example.  We  started  with  state  4.  From  4  next  state  is  6.  From  6  next  is  8.  From  8  next  is 
9  ancj  froni  9  next  state  is  4.  Means  '4'  has  occurred  twice  so  chain  is  complete.  If  you  want  you  can  draw 
state  diagram  as  shown  in  Fig.  9.32. 
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0  “O^’O^O  Q-yy-yy-y) 


Fig.  9.32 


Fig.  9.33 


will  !vVrr  CXaniplC  may  ^laPPcn  ^at  you  get  6,  after  9.  6  is  already  present.  But  now  state  diagram 

Thus  !'  ^  ^  Sh°Wn  in  Fig-  9  33-  •••  4  15  hlM'* 

nn:  f  '.0U  g°  011  tr^'n8  different  combination  and  find  next  states.  To  make  analysis  simple,  all  5 

pomts  can  be  combined  in  'one'  table.  You  keep  the  table  standard  now  onwards. 


Start 


- - -  Table 

Fl 

evious  State 

FF  inputs 

.•.  Next  state 

Decimal 

equiv. 

A 

A 

B 

B 

JA  = 

ka  = 

K„  = 

A 

B 

C 

expression  (s). 


,  Ka  - _ .  The  blank  space  is  left  for  writing  Boolean 


X‘  ^  ’  "^e  l°9lcal  diagram  of  counter  is  given  in  Fig.  Ex.  9.27.  If  the  initial  condition  of  the  counter 
is  ABC  =  110.  Find  the  states  through  which  the  counter  goes  when  clock  is  run.  What 
happens  if  the  counter  is  initially  found  in  011  state. 


O/P 


—N 


IN 


jttl 


Fig.  El.  9.27(a) 

Soln.  :  Step  - 1 :  First  write  down  Boolean  expression  for  FFs  inputs. 

(1)  ja  =  b 

(2)  Ka  =  B 

(3)  JB  -  C 

(4)  Kb  =  1  (Permanently  Vcc) 
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(5)  Jc  =  B 

(6)  Kc  =  1  (Permanently  Vcc.) 

Step  II  :  Write  down  initial  condition  ABC  =110 
A  =  MSB  C  =  LSB. 

Step  III  :  Make  tabic. 


Pr 

evious  state 

FF  Innuts 

Next  State 

Decimal 

A 

A 

B 

B 

C 

c 

Ja 

=  B 

Ka 

=  B 

Jb 

=  C 

Kn 

=  1 

Jc 

=  B 

Kc 

=  1 

A 

B 

C 

Count 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

1 

Fig.  Ex.  9.27(b) 


and  as  shown  in  Fig  Ex.  9.27(b),  we  have  written  ABC  =  110  and  complement  of  ABC. 

As  B  =  1,  JA  =  Ka  =  B  =  1.  As  C  =  0,  JB  =  0.  As  Jc  -  B  and  B  =  0,  Jc  =  0.  KB  =  Kc  =  1  (Permanent). 

Now  assume  CLK  edge  hits.  (Refer  Truth  table  of  JK  FF). 

O)  Ja  =  1  KA  =  1  /.A  will  toggle  .\  A  clianges  from  1  — >  0. 

(2)  JB  =  0  Kb  =  1  .*.  B  =  0  (irrespective  of  previous  state.) 

(3)  Jc  =  0  Kc  =  1  C  =  0  (irrespective  of  pervious  state.) 

Next  state  =  ABC  =  000 

Write  this  state  under  heading  of  Next  state  in  Fig.  Ex.  9.27(b). 

This  was  1st  cycle. 

Now  in  2nd  cycle  take  next  state  as  previous  state. 

.-.  0  0  0  =  ABC  is  now  previous  state.  Write  it  under  heading  of  previous  state  in  Fig.  Ex.  9.27(b). 
Find  complement  of  ABC.  Find  out  JA,  KA  ...  and  so  on.  Again  assume  CLK  edge  hits,  and  Find  out  new 

next  state. 


Continue  the  same  till  you  get  same  decimal  count.  The  full  table  is  shown  below.  Start  =  ABC  = 
1 10  =  6  (decimal).  _ _ _ 


Previous  state 

FF  I 

nputs 

Nex 

t  St; 

itc 

decimal 

A 

A 

B 

B 

c 

c 

Ja  = 

B 

Ka  = 

B 

Ju  = 

c 

K.i  =  1 

Jc  = 

B 

Kc=l 

A 

B 

C 

Count 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

l 

1 

0 

1 

0 

1 

I 

0 

0 

0 

1 

1 

1 

1 

0 

l 

0 

*0 

0 

1 

1 

0 

0 

1 

1 

1 

0 

l 

0 

1 

1 

0 

0 

4 

] 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

1 

5 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

,  \ 

1 

1 

l 

1 

0 

6 

•  Slates  are  6  ->  ^  —>  \  ~>  2  ->  4  ->  5  ->  0 

T  T 

start  start 
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Second  part  of  the  problem  is  if  the 


states. 

Procedure  is  again  same. 


counter  is  initially  found  in  Oil  state  then  what  will  be  best 
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Fig.  Ex.  9.27(d) 


If  you  see  Fig.  Ex.  9.27(d),  After  ABC  —  01 1  (3)  next  state  is  ABC  —  100  (4).  4  is  present  in  counter 
chain  .*.  you  stop.  Even  though  you  proceed  further  next  state  will  be  5  then  6  then  0  then  1  and  so  on. 
Final  shale  diagram  is. 


Fig.  Ex.  9.27(e) 

_ y 

Ex.  28  :  The  schematic  arrangement  of  synchronous  counter  which  uses  master  /  slave  JK  FF  is 

shown  in  Fig.  Ex.  9  28.  If  the  Initial  condition  of  the  counter  is  ABCD  =  0001,  Find  the  states 
through  which  the  counter  goes  when  CLK  is  seen. 

What  happens  if  the  counter  is  found  initially  in  state  ABCD  =  1000  ? 
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^uuniers 


Soln.  : 

Step  I  : 
Step  II  : 


Step  III  : 


Fig.  Ex.  9.28 


Don't  worry  [I  am  with  you] 

Write  Boolean  expression  for  inputs  of  FFs. 
Ja  =  BC  Jc  =  BD  +  A 

KA=  B  Kc  =  A  +  6 

JC  =  A  t  =  r 


KB  =  A  +  D  KD  =  AB 
Make  table,  and  start  from  state  ABCD  =  0001  (1  decimal).  Refer  Table  Ex.  9.28(1). 


/.  State  diagram  :  Fig.  Ex.  9.28(a) 

Second  part  is,  if  counter  is  initially  ABCD  =  1000 
Same  table. 


Fig.  Ex.  9.28(a)  Fig.  Ex.  9.28(b) 

States  are  (8)  ->  (3)  ->  (7).  .*.  Final  state  diagram  is  as  shown  in  Fig.  Ex.  9.28(b). 
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^  ^  *  -how,  countor  v/hich  must  count  through  more*  than  one  so*  of  -lav  >- 
ptorminod  by  tho  control  lino 


F,nd  tho  states  through  which  countor 


goes  when  the  control  lino  (i)  ler//  ar  d  ( Y  go 


Control  Lino 


Soln.  : 

Case  I  :  Control  line  is  HIGH. 

Procedure  is  same  as  we  followed  in  last  example. 

Ja  =  Ka  =  B  Jc  =  (control  line).  B  =  (con)  B 

Jb=1  Kc=l 


KB  =  C 

Control  line  -  CON  =  1 _ Assume  initial  state  =  0  0  0  =  ABC 


Pi 
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Inputs  of  FF 
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Decimal 
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Ka 
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0 

1 

1 
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0 

1 

1 

0 
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0 

1 

1 

1 

0 

0 
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1 

1 

0 
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0 
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0 
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1 

1 

1 

1 

1 

0 

1 

0 

0 

0 

0 

/.  State  diagram  : 


O^GhO— Q 


Fig.  Ex.  9.29(a)  Fig.  Ex.  9.29(b) 

Only  three  states  are  coming.  So  let's  start  with  assumption  that  initially  counter  is  at  001  -  ABC  * 
decimal  1. 
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'  ‘  S,atC  dia8rarn  is  as  shown  in  Fig  9  29(b) 

-tnn  ‘—-State  missing  so  start  with  state  5  ABC  = 

jwn  i  l  I  q  |  q 


•  vv  K  - — L_L_L 

'■  c  'W1'c  ^  state  diagram 
If  start  ABC  =  00 


101 


UL 


If  ABC  =  001 


T~i  1  <>  1  f»  1 


Fig.  Ex.  9.29(c) 


Fig.  Ex.  9.29(d) 


Here  I  would  like  to  Indicate  that  if  you  consider  stale  diagram  Fig.  Ex.  9.29(c)  as  valid  sequence, 
t  en  because  of  supply  fluctuation  or  EMZ  or  RFZ  interference  if  counter  enters  into  stale  diagram  of 
ig.  Ex.  9.29(d)  it  will  never  come  out  of  that  chain  and  will  lockout  it  self  in  invalid  states 
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Now  take  Initial  condition  ABC  =  001  =  1  decimal 


start-) 


start—) 


start-) 


- 1 - 1 - 

0  10 

1 _ _J - 1 

1 1 .1.1] 

X 

0 

[ 

1 

0  0 
_ 1 


Now  take  Initial  condition  ABC  =  011  =  t  decimal 

<n  o 
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— r 
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xxx 
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Now  take  Initial  condition  ABC  =  101  =  5  decimal 
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Now  take  initial  condition  ABC  111=7  decimal 
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Fig.  Ex.  9.29(c) 
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Ex.  30 


A  counter  using  negative  edge  triggered  flip  flop  is  shown  in  Fig.  Ex.  9.30  Find  the  states 
rough  which  counter  goes  when  CLK  is  run.  Also  draw  fining  diagram  showing  relation 
between  CLK  input  and  output  of  FF. 


,o/p 


V, 


ccA  + 


hOrl 
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B  CLK  <p- 
Kp 
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aO/P 


Qr 


C  CLK  <p 
K 


— © 


Qd 

D  CLK< 

kd 

H© 


Fig.  Ex.  9.30 


Soln. 


(1) 

(2) 


(3) 


Y\  , 

v\  v 


A 


The  counter  in  Fig.  Ex.  9,30  is  ripple  counter.  The  way  of  analysis  is  same. 

Remembers  :  CLK  is  given  to  only  one  FF 
and  output  changes  on  1  -»  0  (Falling  edge)  of  the  CLK  input. 

Truth  table  :  Initially  ABCD  =  00  0  0  =  0  decimal.  CLKA  =  CLKC  =  D.  CLKq  =  C 

Explanation  : 

(1)  Initially  ABCD  =  0  0  00  (Refer  Fig.  Ex.  9.30(a) 

(2)  At  Ist  CLK  edge  hit,  D  changes  from  0  ->  1  (rising  edge)  .*.  ABC  are  unchanged.  ABCD  =  0001 

(3)  At  2nd  CLK  edge  hit,  D  changes  from  1  ->  0  (falling  edge  -  shown  by  arrow  in  D  column  under 
next  state  heading.). 

.-.  C  changes  state  from  0  ->  1  (rising  edge)  as  Jr  =  1  Kr  =  1. 

A  remains  unchanged  even  though  CLK  is  present  because  JA  =  0  KA  =  1  ;.  ABCD  =  0010. 

(4)  At  3rd  CLK  'D  changes  from  0  ->  1  (rising  edge).  ABC  are  unchanged  .\  ABCD  =  0011 

(5)  At  4lh  CLK  edge.  D  changes  from  1  ->  0  (falling  edge), 

C  changes  from  1  ->  0  (falling  edge)  as  Jc  =  1  Kc  =  l,  this  will  force  B  to  change  (torn  0 
1  as  JB  =  1  Kb  =  1.  A  remains  unchanged  as  JA  =  0  KA  =  1  ABCD  =  0  100. 

Thus  cycle  will  repeat  and  counter  will  count  0101,  0110,  0111,  1000  and  1001.  After  1001  i' 
will  reset  to  0. 


Scanned  by  CamScanner 


Previous  state 


Scanned  by  CamScanner 


Fig.  Ex.  9.30(a) 
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Waveform  :  Refer  Fig.  Ex.  9.30(b). 
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Fig.  Ex.  9.30(b) 
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Digital 


-M5  Examples  from  University  Papers  : 
l-  For  the  lo 


„u  circuit  .slum n  in  Ht».  Q.  9.1  (a)  (I rass  the  timing  diagram  of  CP,  Q,  and  Q, 
VMiming  initial  condition  Q2  =  Q,  =  ().  (May  96,  10  Marks) 


L>, 

°i 

>CP 

Qi 

-4 

CLK- 


.  ...  Fifj.  Q.  9.1  (a) 

'ns.  :  Waveforms  for  CP.  Q,  and  Q2  arc  given  in  Fig.  Q.9.1(b)  : 


Fig.  Q.  9.1  (b) 

In  Fig.  Q.  9.1  (a)  two  D-type  flip-flops  are  given.  Q,  is  connected  to  D,.  Q2  and  Q.  arc  connected  to 
D2  through  E\-OR  gate.  CLK  is  common  to  both  the  flip-flops. 


Explanation  of  the  waveforms  : 
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0— <D 


Fig.  Q.9. 1(c) 

2  (ylV  (i  ff 

demerits  of  these  counten5S  nChr°nOUS  C°UntCr  amI  asynchronous  counter.  Give  merits  and 
Ans.:  Refer  Section  9.1  (May  96’  Dcc*  96-  4  Marks,  Dee.  97,  5  Marks) 

3’  Explain  svhat  is  glitch  nrnhipm  „ 

glitches  be  avoided  ?  *  S  encountcrc(l  in  asynchronous  counter.  How  could 

Ans.:  Refer  Section  9  3  3  (May  96,  4  Marks) 

or  cTch'njp-fl'op  is  TonsTc"  andT'h  a,freqUenC).of  5MHz-  If  Propasation  delay  time 

number  of  stages  the  counter  can  have.  C  ^  ^  ^  10  Ca,cu,atc  thc  maximum 

Ans.  :  f  =  5  x  jq6  tt  *  (May  96, 4  Marks) 

—  _  Z  tpd  =  20  nsec 

lsb  ~  10  nsec.  n  =  ? 

Maximum  time  delay  for  a  signal  (T)  ' 

=  propagation  delay  time  of  each  flip-flop  +  strobe  pulse  delay 
20  nsec  +  10  nsec  =  30  nsec 
1 


f  = 
N  = 
N  = 


NxT 


No.  of  flip-flops  =  - - — - - - - 

frequency  x  total  time  delay 

1 


=  6 


5  x  106  x  30  x  10~9 
fMaximum  number  of  stages  the  counter  can  have  is  6 


...Ans. 


5.  Explain  what  is  'lockout'  in  a  sequential  circuit.  How  it  can  be  avoided? 

(May  96,  May  97,  Dec.  97, 4  Marks) 

Ans.:  Refer  Section  9.6. 

6.  For  the  logic  circuit  shown  in  Fig.  Q.  9.6  (a)  draw  timing  diagram  of  CP,  O,  and  O 

assuming  initial  condition  Q2  =  Q,  =  0.  ^  A  Vl 

V2  Vl  - - - _Q>e c.  96, 10  Marks) 


Fig.  Q.  9.6  (a) 
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Ans.  .  Waveforms  for  CP,  Q,  and  Q2  arc  as  as  shown  in  Fig.  Q.9.6  (b)  : 

-JIT 
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a. 


Qo 


Waveforms  for  clock 
0 


Waveforms  for  Q., 


Waveforms  for  Q, 


Fig.  Q.  9.6  (b) 
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State  Diagram 


® — Kj5— - 


Fig.  Q.9.6(c) 
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7.  What  are  decoding  glitches  &  how  these  can  be  eliminated  ? 

(Dec.  96,  Dec.  98,  8  Marks,  May  97,  June  99, 6  Marks,  Dec.  99, 5  Marks)  f 
Ans.:  Refer  answer  of  Q.3. 

8.  For  the  logic  circuit  shown  in  Fig.  Q.  9.8  (a)  draw  the  timing  diagram  of  CP,  Q2  and  Qj 

assuming  initial  condition  Q2  =  Qj  =  0.  ,  (May  97, 10  Marks) 
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Ans.  :  In  Fig.  Q.  9.8  (a)  two  types  of  flip-flops  are  used  :  D  and  T. 
The  waveforms  for  CP,  Qj  and  Qz  are  as  shown  below.:  _ ' 


Fig.  Q.  9.8  (b) 


. . . . _  ......  ..  .....  1 

Explanation  for  above  waveforms  : _ 
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Table  3 
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State  Diagram : 
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9.  For  the  logic  circuit  shown  in  Fig.  Q.  9.9  (a)  draw  the  timing  diagram  of  CP,  Q2,  Q, 
assuming  initial  condition  Q2  =  Q,  =  '1'.  (Dec.  97, 10  Marks) 


Ans.  :  Timing  diagram  for  Cp,  Q2,  Q]  is  as  shown  in  Fig.  Q.9.9  (b). 


Explanation  for  wa/eforms  : 
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Table  4 


State  Diagram  : 


© — ^°) 
Fig.  Q.9.9(c) 
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Counter 


10.  What  is  'glitch'  as  observed  in  counter  decoder  scheme  ?  How  it  can  be  eliminated  7  In 
what  way  glitch  is  harmful  in  a  logic  system  ?  (Dec.  97,  6  Marks) 

Ans.:  Refer  answer  of  Q. 3. 


H.  A  sequential  circuit  employing  two  D-type  flip-flops  is  shown  in  Fig.  Q.  9.16.  Analyse  this 
circuit  and  write  equations  for  flip-flop  outputs  and  circuit  output.  Hence  derive  all 
possible  entries  of  present  statc/ncxt  state  table  for  this  circuit.  (May  98,  10  Marks) 


1 


£ 


State  diagram  :  (i)  If  I  =  0,  the  counter  willl  lockout  in  state  2. 

(ii)  If  I  =  1  the  states  of  counter  are  as  shown  in  state  diagram  below  : 
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^2.  Using  J  K  flip-flops  realise  a  three  hit  Grey  Code  counter.  Use  K-maps  for  reduction. 

(May  98,  10  Marks) 

Ans.  :  As  it  is  a  3  bit  Grey  Code  counter,  it  will  go  through  states 


0  — >  1  — >  3  ->  2  ->  6  — >  7  — >  5  — >  4 


J 


As  it  is  3  bit  counter,  we  will  use  thrcc;J-K  flip-flops. 

The  following  table  gives  present  state/next  state  for  3  bit  grey  code  counter. 
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Titbit:  6 


(Juny/hibl':  'l  we  leivc  to  realise  f/rcy  code  counter.  I'or  reduction  wo  will  use  K  nutpi. 
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Circuit  Diagram  for  3  hit  Grey  code  counter  using  JK  flip-flop 


Fig.  Q.  9.12 

13.  Explain  the  term  ’glitch'  w.r.t.  a  ripple  counter.  Explain  drawing  waveforms. 

(May  98,  4  Marks) 

Ans.:  Refer  Section  9.3.3. 

14.  On  what  factors  the  speed  of  a  ripple  counter  depends  ?  (May  98, 3  Marks) 

Ans.:  Speed  of  operation  of  a  ripple  counter  depends  upon  "propagation  delay"  of  FF  and  clock 
frequency.  If  frequency  is  more  and  propagation  delay  is  large,  we  come  across  invalid  states. 

15.  (a)  Obtain  a  mod-6  asynchronous  counter.  (Dec.  98,6  Marks) 

(b)  Give  the  decoding  logic  required.  (Dec.  98, 3  Marks) 

(c)  What  will  be  maximum  clock  frequency  for  the  above  mod-6  asynchronous  counter? 

Ans.  : 

Step  1  :  State  diagram  =  6  states  =>  0  to  5 

0-»1->2->3->4->5 


Fig.  Q.  9.15 

No.  of  states  N  =  6  .-.  n  <  N  =  2m 

6  <  2m 

m  =  3  ->  No.  of  flip-flops 
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Step  2  :  For  design  or  reset  circuit 
Truth  table  is, 

N  =  2m  =  23  =  8 

But  n  =  6 


9-83 


0  t°  5  arc  valid  states.  So  output  will  be  one  for  0  to  5. 

6  and  7  <nre  mval,d  stalcs-  So  output  will  be  zero  for  6  and  7  states. 
Truth  table  is  as  given  in  Table  7. 


Valid  < 


Step  3  :  First  we  will  make  K-rnap  for  above  circuit : 

K-  map 


Invalid 


{ 


c 

B 

A 

Y  O/P 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

Table  7 


BA 


C  0 


C  1 


EA  EA  BA  BA 
00  01  11  10 


. 

:  * ;  111 '  ll’rs 

■ 

1 

i 

3 

2 

111 

1, 

0 

0 

4 

5 

7 

6 

■© 


© 


y=c+b 


(L>(2) 


equation  for  reset  circuit 


Counter 


/ 


Points  :  (1)  Counter  is  up  counter.  Therefore  we  have  to  cascade  Q  output  negative  edge  triggered  ftlp~ 
flop  and  final  output  from  Q. 

(2)  Flip-flops  should  have  active  low  reset  (clear)  terminal. 

(3)  Propagation  delay  presently  assumed  0  nsec. 

Step  4  :  Circuit  Diagram  for  mod-6  asynchronous  counter  is  as  follows  : 
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Outputs 


Fig.  Q.  9.15(a) 


As  it  is  mod-6  counter,  it  has  0  to  5  states.  So  when  counter  reaches  110  state;  input  for  OR  gate 

(Reset  logic)  is  C  and  B;  that  is  00,  giving  output  zero.  This  zero  output  is  given  as  CLR  to  all 
counters,  which  clears  all  the  counters  giving  000  state. 

(c)  Time  period  of  CLK  (TCLK)  >  N  x  tpd 

tpd  =  propogative  delay 


N  =  No.  of  FFs 


I  Maximum  clock  frequency  f 


1 


1 


max  CLK  Nt 


£d 


...Ans. 


16.  Design  a  3-bit  counter  with  input  control  signal  E.  The  counter  will  undergo  the  steps  0-2- 
4-6-0  if  control  signal  is  held  high.  The  counter  will  undergo  steps  1-3-5-7-1  if  control 
signal  is  held  low.  (June  u  Marks) 

Ans.:  Refer  Section  9.9,  Ex.  18. 

17.  Design  ripple  counter  for  state  diagram  shown  in  Fig.  9.17.  (June  99, 10  Marks) 


(p — KD — — KS) — 


Fig.  9.17 

Ans.:  Refer  Section  9.3.2,  Ex.  3. 

18.  For  asynchronous  sequence  counter  with  sequence  -2-6-5-3-1-0-2.  (June  99, 16  Marks) 

(a)  Give  present  state/next  state  table. 

(b)  Set  up  excitation  table  for  input  of  FF,  (use  D  FF). 

(c)  Construct  K-maps  for  excitation  inputs  of  flip-flop,  simplify  and  realize  the  circuit. 


\\ 
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(d)  If  the  counter  enters  any  unused  state  will  it  go  to  lockout  condition? 
Ans.  :  Given  sequence  is, 

2  — >  6  -»  5  — »  3  — >  1  —>  0  — >  2 


l 


t  C'. '  friF  '' 

r-r.-ifc 


Valid  < 
states 


v 


Invalid 

states 


:d  ( 


Present  state 

Next  state 

- 

Qzn 

Qln 

Qr>n 

Q2n  +  1 

Qln  +  1 

Qon  +  1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

0 

i 

1 

0 

l 

0 

1 

l 

0 

1 

l 

.0 

0 

i 

0 

0 

i 

0 

0 

0 

0 

0 

0 

0  • 
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0 

1 

0 

0 

X 

X 

X 

1 

1 

i 

X 

X 

X 

-  c 


state. 


Table  8  i 

States  4  and  7  are  unused  states.  If  counter  enters  any  unused.state  we  will  write  don’t  care  for  next 


So  for  100  and  111  we  will  w'rite  don’t  care. 

(b)  From  Table  8  we  can  construct  excitation  table  for  input  of  flip-flop. 
Here  we  are  using  D  flip-flop. 

As  there  are  6  used  states,  so  value  of  N  =  3 
So  we  are  using  3  D  type  flip-flops. 

Excitation  tabic : 


r 


Used  < 
states 


Unused 

states 


{ 


Present  state 

D  inputs 

Next  state 

Qzn 

Qln 

Q(hi 

d2 

Di 

Do 

Q211+1 

Qln+1 

Qon+1 

0 

1 

0 

r  1. 

1 

0 

1 

X 

0 

1 

1 

0 

1 

0 

1 

,  1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

1 

.  1 

0 

i 

•  1 

0 

0 

1 

0 

0; 

4  V 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

*0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

X 

X 

X 

X 

X 

X 

1 

l 

1 

.X 

X 

X 

X 

X 

X 

Table  9  ‘ 

(c)  From  Table  9  we  have  to  construct  K-rnaps  for  excitation  inputs  of  D  flip-flop  and  design 
circuit. 
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(d)  In. above  sequence  4  and  arc  invalid  states.  If  the  counter  enters  states  4  and  7.  we  will  check 
oin  circuit  diagram  whether  it  will  go  to  lockout  condition  or  not 


p 

resent  state 

Input  of  D  FF 

Next  State 

Qi 

Q« 

Qn 

D1 

^211*1 

Qln+1 

Qthi+1 

i 

0 

0 

0 

0 

1 

0 

0 

1 

i 

i 

1 

0 

1 

1 

0 

1 

1 

Table  10 


I  <om  Table  10  we  can  conclude  that  if  counter  enters  state  4.  next  state  is  1  and  if  it  enters  state  7, 
n^xi  state  is  v  So  counter  go  back  to  valid  states.  So  it  w  ill  not  go  to  lockout  condition. 

©  0 


© — ►© — ►  © — ►© — ►  © — ►(§ 


Fig.  Q.  9.18  (a) 
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Syllabus  : 

Senal-in-Serial  out  register,  shift  register  operations. 


If  Name  of  the  Topic 

Section 

number 

Theory 

Problems  ^ 

I  *  Register  [Parallel  and  shift  register] 

10.1 

v' 

— 

•  Serial  Shifting 

10.2 

✓ 

— 

•  Serial  in  -  Serial  out  (SISO) 

10.3 

.  (« 

V 

— 

I  •  Serial  in  -  Parallel  out 

10.4 

s 

— 

•  Parallel  in  -  Parallel  out 

10.5 

y 

— 

•  Ring  Counter 

10.6 

s 

— 

•  Johnson  Counter  (Twisted  Ring  Counter) 

10.7 

s 

.  — 

•  Applications  of  Shift  Register 

10.8 

— 

•  Pseudo  Random  Binary  Sequence  (PRBS) 
Generator 

10.9 

— 

• IC  7495 

10.10 

r 

Analysis  of  Shift  Counter 

10.11 

— 

'A 

I 

V 


i*. 


Comments 


•  Section  10.1  / 10.2/ 10.6/ 10.7/ 10.10/ 10.11  to  be  cbncentrated  more. 

•  Most  widely  used  in  microprocessor.  ,  •  • 
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_ 10-2 

JjQil__Register  [Parallel  and  Shift  register] : 
l  ^troduction 

Till  this  point,  we  have  studied  different  flip-flops  and  conversion  from  one  to  another.  Now,  let's 

ncentrate  on  application  part  of  flip-flops.  The  most  common  use  of  FF  is  a  simple  Register  (OR  a  n  bit 

mop  storage  device).  In  next  section,  we  will  start  with  basic  definition  of  register  and  slowly  move  on 
to  shift  register. 

word^Whe^  ^  3  ^r°UP  rneitl0TT  element  that  work  together  as  a  unit  Register  simply  stores  a  binary 
.  n  ^ister  accepts  parallel  data  and  outputs  parallel  data,  the  same  is  referred  as  Parallel  register 
.  ,  11 register,  it  is  nothing  but  memory  element  with  facility  of  shifting  left  and 
it  by  bit.  Before  going  deep  into  shift  register,  let's  see  structure  of  buffer  register. 

10.1.1  Buffer  Register  : 


Buffer  register  is  simplest  kind  of  register  and  stores  digital  word.  The  structure  of  buffer  register, 
built  with  the  edge  triggered  D  type  FF  is  shown  in  Fig.  10. 1 . 


0 


o 


O/P 

Fig.  10.1 


Working : 

(1)  Initially,  consider  Q3  Q2  Qi  Qo =  0  0  0  0 

(2)  Apply  data  to  be  stored  at  input  terminals  Y3  -  Y0  .  Let's  say  Y3  Y2  Y,  Y0  -  1010. 

(3)  Apply  clock  pulse. 

(4)  When  first  clock  edge  arrives,  Y3  Y2  Y,  Y0  =  Q3<}2  Q,Q0=  1010 

(5)  Even  though  if  now  Y3  Y2  Y,  Y0  *  0  0  0  0,  Q3Q2  Q,  Qo  -  1010  i.e.  latched. 

Conclusion : 

From  Fig.  10.1  and  WORKING  we  conclude  that, 

(1)  There  must  be  one  FF  for  each  bit  in  binaiy  number.  for  4  bit  we  require  4  FFs. 

(2)  Simultaneously  Y3  -  Y0  was  applied  and  loaded  to  Q3  -  Q0  by  single  clock  pulse.  i.e  at  a  time 

Q3  to  Qo  was  loaded. 

(3)  Therefore,  the  way  we  applied  input  and  taken  output,  is  called  parallel  in  -  parallel  out  (PIPO). 
The  block  schematic  representation  is  shown  in  Fig.  10.2. 
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Parallel  data 
I/P 

_ 


MSB 


LSB 


O/P 

Parallel  data  O/P 


Fig.  10.2 

This  is  also  referred  as  Parallel  Shifting. 

10.2  Serial  Shifting  : 


One  more  method  of  loading  or  shifting  the  data  is  called  Serial  Shifting. 

What  do  you  mean  by  serial  ? 

Serial  means  bit  by  bit  data  flow,  serially,  on  single 
line.  Serial  shifting  has  only  single  bit  data  line,  not  4  or  8 
i  as  in  parallel  loading.  The  serial  shifting  can  be  represented 
block^schematically,  as  shown  in  Fig.  10.3. 

Single  bit  data  is  entered  in  register  and  serially  single 
data  bit  is  taken  out,  through  register.  A  group  of  flip-flops 
connected  to  provide  serial  out,  when  serial  input  is  given, 
is  called  Shiflregister^ 

Basically  if  you  see,  loading  parallel  data  is  much  faster  than  the  serial.  Secondly,  normally  we  work 
with  8  bit,  16  bit,  and  32  bit  parallel  data  bits.  So  one  can  ask,  why  you  think  of  serial  data  ?  The 
answer  for  the  question  is  very  simple.  If  you  see,  uptill  now  we  are  looking  of  loading  the  registers,  but 
now  think  of  loading  or  transmitting  data  at  distant  end.  Fig.  10.4  shows  parallel  and  serial  data 

transmission. 


(a)  Parallel  data  transmission  (b)  Serial  data  transmission 


(Single  bit) 


Fig.  10.3 


Fig.  1014 
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— - — - - - -  ~ requires  single  line.  Now~m^T^- 

As  shown  in  Fig.  10.4  parallel  transmtssio  kilometers.  At  such  a  large  distance  just  inerp  °f 
distance  between  A  and  B  location  is  in  meters  a  Transmission  line,  so  reflection  imped5'"8 

length  of  the  wire  is  not  the  solutions  because  now  pmvcr  wiu  mcreasc’to^ 

matcliing.  power  required  etc.  parameter,  we  ha  increased  •  Power  rn  P°'Vcr 

consumption  of  the  system.  In  parallel,  power  for  8  lines  have  to  be  increased,  .  Power  consume  is 

Th.  iTeorapansion  with  single  line  of  serial.  ,  Normally  seria!  uansmtsston  ,s  preferred  over  paraUe,. 
A,  this  point  you  must  be  eager  to  know  how  serial  data  looks  like.  It  ts  shown  m  Fig.  10,5. 


Time 


Fig.  10.5  :  Format  of  Serial  data 

As  shown  in  Fig.  10.5,  data  is  represented  on  time  axis  is  bit  by  bit,  not  full  8  bit  or  16  bit  as  in 
parallel.  Time  'f  for  each  bit  is  same.  Data  stream  shown  is  ...  0  ,  1,  1,  0,  1,  0,  1,  0.  0,  1  .... 

Therefore  serial  communication  has  become  common  and  most  widely  used  media  for  communication 
But  our  systems  are  normally  dealing  with  parallel  (8  bit,  16  bit  and  soon),  /.  one  has  to  convert  parallel 
to  serial.  This  function  is  also  called  as  parallel  input  and  serial  output  (PISO). 

Serial  data  is  now  transmitted.to  location  B.  On  receiving  side  (B  side),  one  has  to  convert  serial  data 
back  to  parallel.  This  function  of  conversion  is  called  serial  in  and  parallel  out  (SIPO).  Finally  one  may 
require  serial  in  and  serial  out  (SISO).  Fig.  10.6  shows  generalised  block  schematic  of  four  functions 


b 


Serial 


I/P 


{ 


Register(s) 


Serial 


Serial  in 


O/P 


Register(s) 


▼  ▼  ▼ 

MSB 


TTY 

LSB 


MSB 


(a) 

Parallel  in 
I/P 


O/P 

Parallel  out 

(b) 


LSB 


Parallel  in 


UL-..U1 


Seria^out 


Serial  in , 


MSB  tSB 

111— -UT 

Register(s) 

Tirm 

LSB 


SeriaUut 


(c) 


Fig.  10.6 


Parallel  out 

(d) 
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Serial  Left  S h  °^Cra,'0nS  are  Pcr^Qnr'cd,  serial  left  shifting  and  serial  right  shifting. 


j  r 

Q3  D3 

« - 

q2  d2 

“ - 

Qi  Di 

o 

o 

O 

o 

0  3 

-1 - 

4 — 

Serial 

data 

CLK  < 

0 

CLK  < 

0 

CLK  < 

CLK  < 

out 

D  FF 

D  FF 

D  FF 

D  FF 

— 

>■■  ■ 

- -4- 

Serial 
'  data 
in 


CLK 


Fig.  10.7 

Fig.  10.7  shows  serial,  operation,  built  using  D  Flip-Flop.  To  know  data  shifts  left  we  temporarily 

take  output  of  Q2Q1  and  Q0  also. 


Working  : 

(1) 

Initially  all  FFs  are  reset  Q3  Q2  Q,  Q0  =  0000 

(2) 

Make  Data  IN  =  1. 

(a) 

At  first  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  0001 

(Refer  truth  table  of  D  FF). 

(b) 

At  2nd  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  0011 

(c) 

At  3rd  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  0111 

(d) 

At  4d*  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  1111 

(3) 

Now  the  Data  IN  =  0. 

(e) 

At  5th  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  1110 

(f) 

At  6dl  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  1100 

(g) 

At  7th  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  1000 

(10 

At  8th  CLOCK  edge,  output  will  be 

Q3  Q2  Qi  Qo 

=  0000 

CLK 


_jijrjiJT^rLJTXLn^ 

“^  2  3  4  5  6  7  8  9  10  11  12  13  14 


CLK  pulse 


Data  in 


Q1 

Q2 

Qo 


1 

1 

1 

1 

oJ 1 

1 

1 

1 

0 

0 

1 

1 

1 

0 !  0 

0 

0 

0 

i 

1 

1 

0  ! 

of 


1st  Cycle- 


0 


1  0 


Hi 


0.  i  0 


0  i  0 


0  !  0 


Fig.  10.8 
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2  Cycle - 
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- ,  T  "a  iff i  hind  /.  called  left  shifting  Let's  obscrw 

If  you  observe.  1  or  0  travels  from  right  hand  f  *  F  1  10  8 

waveforms  for  the  same  Waveforms  are  self  explanatory  Re  er  ig 

r.~  —  i 


Shift  Right 


Fig  10.9  shows  serial  right  circuit,  built  using  D  FF. 


(1)  Initially  all  FFs  are  cleared.  .\  Q3  Q2  Q,  Q0  -  0000 

(2)  Make  Data  In  =  1 


(a)  1st  CLOCK  edge,  output  will  be. 

Q3  Q2  Qi  Qo 

=  1000 

(b)  2nd  CLOCK  edge,  output  will  be, 

Q3  Q2  Qi  Qo 

=  1100 

(c)  3rd  CLOCK  edge,  output  will  be. 

Q3  Q2  Qi  Qo 

= 1 1110 

(d)  4dlCLOCK  edge,  output  will  be, 

Q3  Q2  Qi  Qo 

=  1111. 

(3)  Now  applv  Data  In  =  0  . 

(e)  5dl  CLOCK  edge,  output  will  be. 

Q3  Q2  Qi  Qo 

=  0111 

(0  6d'CLGCK  edge,  output  will  be, 

Q3  Q2Q1  Qo 

=  0011 

(g)  7dl  CLOCK  edge,  output  will  be, 

Q3  Q2  Qi  Qo 

=  0001 

(h)  8!tl  CLOCK  edge,  output  will  be. 

Q3  Q2Q1  Qo 

=  0000. 

Thus  1  and  0.  travel  from  left  to  right.  right  shifting. 


t 


I 


10.4  Serial  in-Parallel  out : 


In  this  function,  data  is  entered  serially  and  taken  out  in 
parallel  To  trike  data  parallel}  out,  it  is  necessary  to  have 
all  data  bits  available  as  output,  at  the  same  time  and 
therefore  output  of  each  FF  is  taken. 


Data  outputs 
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If  you  observe  the  diagram  carefully  you  will  find  that, 

(1)  Clock  of  all  FFs  are  lied  together,  therefore  all  FF  changes  state  a,  same  time 

(2)  Asynchronous  input,  CLEAR,  is  given  ,o  all  FF.  So  that  when  CLEAR  =  0  all  FFs 

output  Q  =  0000  0000.  rcsct,e<1 

(3)  A  and  B  are  data  inputs,  either  of  the  temtinal  can  be  used  as  control  line 

When  A  =  0,  irrespective  of  B,  input  to  FF  will  be  0  At  each  ri  nrv  a  a 

to  right  and  after  8  PI  nr^  „  i  '  *  *  h  CL0CK  edge  0  travels  from  left 

inhibited  ^  Q  ^  =  0000  0°00-  U  means  *  B  =  Data  In,  data  wiU  get 

\\  hen  A  -  1,  NANDgets  enabled  and  data  Input  B  passes  through  NANDgate  inverted.  The  input 
data  slufted  serially  in  the  register. 

(4)  0u'Pu'  of  3,1  FFs  ^  tak“  as  final  output.  O/p  is  Q,  not  ~Q  .  Output  appears  at  a  time.  •  ,t  ls 
parallel  output. 

^  Data  inputs  may  be  changed  while  CLOCK  is  either  low  or  high 

JO  5  Parallel  in  -  Parallel  out :  _ 

Lius  type  we  have  already  studied  in  section  10.1.1,  buffer  register.  In  that  Yj-Y0  was  reputed 
parallely  and  Q,  to  Q0  taken  out  parallel}'. 


ijj  JRing  Counter  : 


[ASKED  IN  EXAM  -  MAY  98  111  ] 

Ref«  Fig.  10.7.  In  that  circuit  if  Q3  is  connected  to  Serial  Data  In.  then  circuit  is  going  to  circulate 
lnJected  pulse.  The  way  circuit  behaves,  it  is  named  'Ring  Counter . 


Scanned  by  CamScanner 


-*.r\n  " 


on  1000  andean 


.Digital _ -)q_8 _ _ _ _ Shift  Register^ 

Circuit : 


! 


Fig.  10.12  :  Ring  counter 

Working  : 

Basically  ring  counter  resembles  sliift  register  because  the  bits  are  shifted  left  one  position  per  positive 
clock  edge.  Only  change  is  feedback  line.  i.e.  output  of  Q3  given  to  Q0. 

(1)  Initially  CLOCK  goes  low  then  back  to  high.  F3,  F2,  F,  will  be  reset  and  F0  is  preset  giving 
output  Q3  Q2  Q,  Q0  =  0001. 

(2)  At  first  positive  CLOCK  edge,  MSB  moves  to  LSB,  (Q3->Q0),  Q2  — >  Q3,  Q]  ->  Q2  and  Q0  ->  Q,. 

output  Q3  q2  q,  Q0  -  0010 

(3)  At  2nc*  positive  CLOCK  edge,  with  respect  to  second  point,  bits  will  shift  left. 

output  Q3  Q2  Qj  Q0  =  0100. 
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Fig.  10.13  :  Waveforms  for  ring  counter 

(4)  At  3rd  positive  CLOCK  edge,  with  respect  to  3rtl  point,  bits  will  shift  left 
.*.  output  Q3  Q2  Qi  Qo  =  *000 

(5)  At  4,h  positive  CLOCK  edge,  with  respect  to  4th  point,  bits  will  shift  left 
/.  output  Q3  Q2  Qi  Q0=  0001 


vr.  \\ 
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Thus  presettedVfvm  T - ' - — - Shift  Register 

Observe  e  °WS  circular  Patl* or  makes  ring.  it  is  called  as  ring  counter, 
aveform  for  the  same.  Refer  Fig  10  13 

Conclusion  : 

(1)  Number  of  FFs  used  are  4. 

Number  of  1^S  ^  COunter  arc  a'so  4-  i-c-  0001,  0010,  0100,  1000  and  chain  repeats. 

0Utp",  Q  for  8  bit-  So  f°r  8  bit  8  FFs  Win  be  used. 

Initially  Q  =  0000  0010 

i  ct 


(2) 

(3) 


1  St 

1  clock  edges,  Q 
2nd  clock  edges,  Q 
3  rd  clock  edges,  Q 
4th  clock  edges,  Q 
5th  clock  edges,  Q 
5th  _ 

7th  clock  edges,  Q 
8th  clock  edges,  Q 


0000  0010 
0000  0100 
0000  1000 
0001  0000 


_  0010  0000 
6  Clock  edges,  Q  =  0100  0000 

1000  0000 

0000  000 1  — >  Repeat, 

If  you  require  you  can  also  take  output  from  Q. 
for  4  bit  Refer  Fig.  10. 12 

Initially  when  CLOCK  =0  Q  =  0001  Q  =  1110 


1st  CLOCK  edge  Q  =  1101 
2nd  CLOCK  edge  Q  =  1011 
3rd  CLOCK  edge  Q  =0111 

4th  CLOCK  edge  Q  =  1110 

Application  : 

Ring  counters  are  invaluable  when  it  is  necessary  to  control  sequence  of  operation. 
Mainly  ring  counters  are  used  in  microprocessor. 

Relationship  of  number  of  states  and  FFs  : 

In  ring  counter  number  of  FFs  and  number  of  states  are  equal 
Ring  counter  using  JK  FF  is  shown  in  Fig.  10.14. 
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Fig.  10.14 

The  working  of  circuit  is  same  as  that  of,  when  D  FF  is  used. 
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— - - ^ImsglLgoiinter  (Twisted  Ring  Counter) : 


ShiO  Remster 


[ASKED  IN  EXAM  -  MAY  95,  DEC.  96,  MAY  97  !!1  ] 

direct  feedback  R  i' y"'  rLy'Slcr  was  fccl  back  lo  inPut  of  first  FF.  that  technique  was  refered  as 
technique  is  called  /  . °^tPU,tS  ^  1<1St  arC  crossccl  anc*  ,f'cn  connected  to  inputs  of  first  FF.  the 

twisted  ring  counter  back.  The  counter  we  get  from  this  technique  is  called  Johnson  counter  or 

Circuit : 


Lei's  draw  circuit  of  Johnson  counter  using  positive  edge  Irigg 


jix  rr. 


(a)  4  bit  Johnson  counter 


CLOCK 

Qd 

Qc 

Qb 

Qa 

State 

Decimal  equivalent 

Initially 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

i 

1 

2 

0 

0 

1 

1 

3 

3 

3 

0 

1 

1 

1 

4 

7 

4 

1 

1 

1 

1 

5 

15 

5 

1 

1 

1 

0 

6 

14 

6 

1 

1 

0 

0 

7 

12 

7 

1 

0 

0 

0 

8 

8 

8 

0 

0 

0 

0 

1 

0 

(b)  Truth  Table 
Fig.  10.15 


Working  : 

(Refer  Fig.  10.15  (a)  and  (b).) 

1  Initially  CLOCK  is  made  low  and  then  high  after  some  time. 

.-.  all  FFs  will  be  cleared  and  output  QD  Qc  Qu  QA  =  DCBA  =  0000. 
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8. 


Shift  Reg i ster^ 


'^ou  Inputs  J„  -  J,.  J,  o.  Kt,  -  K(.  -  K„  =  1.  and  J.  -  1.  KA  =  0.  So  when  CLOCK  edge  hits. 

3  J^"1  cllan^  fromO ->  I  BCD  arc  unchanged. /.  DCBA  =  0001. 

,  PU,S^  ~  Jr  ~  °*  K°  =  K‘’  =  1  B,lt  JA  =  ->n  =  1.  Ka  -  Kn  =  0.  the  moment  CLOCK  edge  hits 
>rc  unchanged.  A  is  also  unchanged.  But  B  changes  from  0  — >  1. 

DCB  A  =  001 1. 

nPU,S  Jl)  ~  °  K°  =  Ja  =  Jh  =  Jr  =  1  and  KA  =  Kn  =  Kc  =  0.  the  CLOCK  edge  will  change 
oiilpm  C  from  l)  -4  1,  A,  (3  and  D  arc  unchanged.  .*.  DCBA  =  0111 
5-  npu’  =  J,-  =  J.t  =  JA  =  1  and  KD  =  Kc  =  Kn  =  KA  = 

next  CLOCK  edge  changes  D  from  0  ->  1,  /.  DCBA  =1111 
Because  of  change  of  slate  or  D  from  II  ->  1.  Now  I  IP  ,o  JA  =  0  and  KA  =  1.  JD  =  Jc  -  Jn  =  1  and 

d  r  -  0.  next  CLOCK  edge  changes  A  from  1  ->  0.  DCBA  =  1110. 

Now  input  to  JA  =  JB  =  0  and  KA  =  KB  =  1  and  JD  =  Jc  =  1  and  KD=  Kc=  1.  .-.  next  CLOCK  edge 
cliangcs  B  from  1  ->  0.  DCBA  =  1 100  means  A,  D,  C  are  unchanged. 

At  tins  stage  input  to  JA=  JB  =  Jc  =  0  and  KA  =  KB  =  Kc  =  1.  JD  =  1  and  KD  =  0.  •  next  CLOCK 
edge  keeps  A.  B  and  D  unchanged,  C  changes  from  1  -»  0.  DCBA  =  1000. 

9‘  FmalIy  inp,Jt  t0  Ja  =  jb  =  Jc  =  JD  =  0  and  Ka  =  Kb  =  Kc  =  Kd  =  1  at  next  CLOCK  edge  D 

changes  from  1  -»  0.  .-.  DCBA  =  0  0  0  O.Now  cycle  will  repeat  from  point  2  onwards. 

As  we  have  seen  in  working  of  Johnson  counter  and  observing  truth  table,  we  conclude  that  number  of 
slates  of  Johnson  counter  are  double  of  number  of  FFs.  Therefore  for  4  FFs  states  will  be  8.  5  FFs  states 
will  be  10  and  for  8  FFs  states  will  be  16. 

Jolmson  counter  using  DFF. 


Fig.  10.16 

The  working  of  the  circuit  is  same  as  what  we  have  seen. 

1  Q.8  Applications  of  Shift  Register : 


i — £LK_n_n_ 

njo 


Shift  registers  can  be  used  for ; 

(J)  Generating  sequence  (pulse  generator) 

(2)  Counters 

(3)  Random  bit  generator. 
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1 '  Sc(*ucncc  Generator  (Pulse  Generator) : 

Bl0Ck  schematic  structure  is  shown  in  Fig.  10.17. 


Shift  Register 


Fig.  10.17 

Basically  shift  register  sequence  generator  contain  basic  two  blocks  : 

(1)  'N'  bit  shift  register  (SIPO  type). 

(2)  Combination  logic  circuit. 

national  logic  circuit  has  input  QN  j  to  Q  0.  From  this  it  will  decide,  what  should  be  the  next 

...  '  ^  t  f°r  shift  register  block,  should  be  generated,  so  that  new  state  or  sequence  will  appear.  Now  we 

vmH  take  an  example  to  design  sequence  generator. 


Ex.  1  :  The  following  pulse  train  is  to  be  generated  by  using  a  shift  register.  Explain  the  steps  in 
designing  and  draw  logic  diagram. 

pulse  train  ...  1011010110  ... 

Soln.  : 

(1 )  Observe  the  pulse  train  carefully  and  you  will  find  that  main  pulse  train,  which  is  repeating,  is  10110, 
i.e.  ...,1()1 1  ()t  1 0 1 10, ... 

Main  Repeating 

(2)  Calculate  number  of  distinct  timing  intervals.  In  short  you  calculate  number  of  bits  of  pulse  train.  In 
our  case  it  is, 

5  (10  110) 

1  2  3  4  5  ... 

(3)  Number  of  FFs  can  be  given  by  equation, 

S  <  2n  -  1 

where  N  =  Number  of  FFs. 

S  =  Number  of  distinct  timing  interv  als. 


S  <  2N-1 


6  <  2 


N 


N  =  3 


.-.  3  FFs  are  required. 

Note  :  It  may  happen  that  if  we  sequence  the  pulse  train  properly,  might  be  number  of  states  given  by 
_ 3  FF  will  be  of  repeating  nature.  Therefore  we  may  have  to  increase  number  of  FFs. 

(4)  Preparing  state  table  for  sequence  generator. 

Make  table,  containing  number  of  states,  decimal  equivalent  and  3  output  of  FF  (N  =  3) 


Scanned  by  CamScanner 


(b)  Under  column  1st  (Normally  MSB  is  selected)  write  down  sequence  'vertically1. 

(c)  Now  just  imagine  that  sequence  is  having  ring  structure  and  shift  the  full  sequence  by  one  bit. 

"  lf  sequence  is  10110.  rotate  it  left  by  one  bit  so  we  will  get  01101.  Write  down  shifted  version 
under  column  2. 

(d)  Again  shift  the  sequence  by  one  bit.  Therefore  with  respect  to  original  it  will  be  shifted  twice. 

. .  sequence  under  column  2  is  01101.  shift  left  by  one  bit.  sequence  is  1 1010.  Write  it  under 
colunm  3. 

(e)  Continue  shifting  of  sequence  unless  you  reach  to  LSB  column. 

After  sliifting  (Rolling)  sequence  now  find  out  decimal  equivalent  of  binary  sequence.  For  our 
case  we  got  5,  3,  6,  5,  2. 

In  this  decimal  sequence,  decimal  number  5  is  repeated  twice,  states  are  not  distinct.  we  have  to 
increase  number  of  FFs  to  get  distinct  states. 

' 

Therefore  make  state  table  again  with  four  FFs. 


"  ’  X  4  \ '  •  %  ■  i  •  i  u  " 
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.Digital 

p  - - - - 1 0—1 4 _  _ Shjft  Register 

"dure  lor  u. , iking  truth  table  is  same  as  \\c  discussed  just  now.  If  we  observe  the  decimal 
equivalent,  it  Is  coming  out  to  be  1 1.  6.  13.  10.  5  All  states  arc  distinct 
(>)  Design  of  combinational  circuit  : 

f  c  *l  nc  ,0  *in^  0,11  D'P  ^  °f  combinational  circuit,  given  to  shift  register,  so  that  state  changes 
irom  pre\  tons  to  next 

Po 

*ct  s  sa-'  DC  13  A  =  1011  (1  decimal),  what  should  be  input  to  shift  register,  so  that 
o  '  11  *  *1'  ^cans  uc  Have  to  apph  '()'  to  input  of  shift  register  oi  in  sliort  Y  should  be  0 

-  amc  wa>  \  ou  find  >  for  each  state.  The  format  of  table  is  shown  in  Fig.  10. 18(c) 


column  column 

Fig.  10. 18(c) 

As  shown  in  Fig.  10.18(c).  output  Y  of  combinational  circuit  is  again  nothing  but  1  bit  shifted 
version  of  LSB  column.  i. 

((•)  K-Map  : 

Valid  states  arc  11.6.  13.  10.  5.  remaining  states  arc  don't  care,  states  reached  to  13.  four  variable 
K-Map  should  be  used. 


Fig.  10.18(d) 
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.Digital 


(7)  Logic  diagram 


_ Shift  Register 


-TLTL 


CLK 


IN 


4  bit  SIPO  shift  register 


Serial  in 


Dd  Qc  Db  q 

A 

-» - 

Combinational 

circuit 

- i _ y  ;  y  o/p 

Fig.  10.18(c) 


— Pggudo  Random  Binary  Sequence  (PRBS)  Generator  : _ 

One  important  application  of  shift  register  is  pseudo-random  generator.  It  is  basically  used  to  generate 
random  sequence.  Due  to  random  sequence  generation  the  same  can  be  used  for  generating  noise  ;  as  well 
as  used  for  data  encryption.  By  generating  random  noise,  one  can  test  immunity  given  by  his/her  design 
to  the  noise.  By  encrypting  data,  it  becomes  difficult  job  for  a  person  who  hacks  the  data  in  between. 
Basically,  the  sequence  generated  is  not  tmely  random  because  it  cycles  through  all  possible  combinations 
once  every  2n  -  1  clock  cycles  (n  =  number  of  FFs). 

Generation  of  pseudo  random  sequence  is  based  on  feedback  given  lo  shift  register  through 
Comb, nation,, 1  logic  circuit.  Fig.  10. 19  depicts  noise  generator  based  on  pseudo-random  sequence  The 
combinational  circuit  used  is  simple  EX-OR  gate. 


Fig.  10.19  :  Noise  generator  based  on  pseudo-random  sequence 
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_ _ _ _ Shift  Register 

.  *  UfCS’  ^  -V  shift  register  provided  with  linear  feedback  to  produce  maximum  length  pscudo- 
rron°7  ~  One  of  the  significant  features  of  pseudo-random  sequence  is  that  (lie  noise  produced 
t  icre  is  repeatable.  The  spectral  density  of  the  noise  output  of  this  circuit  is  uniform  to  within  ±1  dB 
over  the  frequency  range  20Hz  to  20  kHz. 

™C  maximum  length  of  sequence  (MLS)  generated  will  be  2n  -1. 

2  ~  1  =  2  -  1  •  sufficient  length  to  encrypt  the  data. 

1 0. 1 0  1C  7495  : 


Wc  arc  going  to  study  now  TTL  MSI  Chip 
7495,  4  bit  shift  register  with  serial  and  parallel 

synchronous  operating  mode.  Features  of  the  chip 

are: 


[ASKED  IN  EXAM  -  DEC.  98  111  ] 


Outputs 


Clock  1 
right  shift 


1 CC  qa 


qb  °c  °d 


Clock  2 
left  shift 
(load) 


(1) 

Synchronous  shift  left  capability. 

iEEllEBlEBlEIIlDDlQlBl 

(2) 

Synchronous  parallel  load. 

°A  qb  °C  °d  CKt  ck2 

(3) 

Separate  shift  and  load  clock  inputs. 

■ 

Serial  input 

(4) 

T  ~  *1  _ 

Synchronous  expandable  shift  right. 

■ 

1 

configuration. 


Serial  A 
input 


B 


D  Mode  GND 
control 


Inputs 

Fig.  10.20  (a)  :  Pin  diagram 


Fig.  10.20  (b) :  Logic  diagram  (also  called  universal  shift  register) 
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Wc  are  going  to  perform  basically  three  functions  using  7495  : 

(1)  Parallel  load. 

(2)  Shift  left. 

>3)  Shift  right. 

1.  Parallel  Load 

(a)  Make  mode  control  =  1,  therefore  AND  gate  2.  4.  6,  8  will  get  enabled,  and  gates  1.  3.  5,  7  will 
get  disabled. 

(b)  Apply  input  ABCD. 

(c)  In  this  case  clock  2  input  (pin  number  8)  is  enabled.  Therefore  a  HIGH  to  LOW  transition  on 
clock  and  input  will  transfer  parallel  data  ABCD  inputs  to  Q0  -  Q,  outputs. 

^ _ Here  clock  1  input  is  don't  care.  DS  is  also  don't  care. 

2.  Shift  Right 

(a)  Make  mode  control  =  0,  therefore  AND  gates  1,  3,  5,  7  will  be  enabled  and  AND  gate  2.  4.  6.  8 
will  get  disabled. 

(b)  The  data  input  to  FF  QA  is  now’  at  serial  input  (Ds). 

(c)  Clock  and  input  is  don't  care.  ABCD  inputs  are  don't  care. 

(d)  Apply  CLOCK  input  to  clock  1. 

(e)  A  HIGH  to  low  transition  on  enabled  clock  1  input  transfers  data  serially  from  Ds  to  Q  v  QA  to 
Qb.  Qb  to  Qc  and  Qc  to  QD  respectively  (right  shift.) 

3.  Shift  Left 


(a)  For  shift  left  operation  external  connection  are  to  be  performed. 
Connect  QD  to  C,  Qc  to  B  and  QB  to  A. 

As  showm  in  Fig.  10.21. 
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Shift  Register 


(c)  Apply  serial  data  to  input  D  (pin  no.  5). 

(d)  Clock  input  1  is  don't  care. 

(c)  Apply  CLOCK  input  to  clock  2  (left  shift). 

(D  Each  HIGH  to  LOW  transition  will  transfer  data  from  D  to  QD.  Qn  to  Qr.  Qr  to  QB  and  Qp  to 
Qa  *c  teft  shift  operation  performed. 


Ex.  2  :  Generate  the  following  pulse  train  using  shift  register. 
11001110 

Soln.  : 


(1)  Pulse  train  is  11001110. 

(2)  No.  of  distinct  timing  intervals  are  8.  No.  of  FFs  required  are 

S  <  2N  -  1 

8  <  2n  -  1 

9  <  2N  |n  =  4 

(3)  State  table. 


No.  of  states  are  distinct  Le.  12,  9,  3,  7,  14,  13,  11,  and  6. 

(4)  Combinational  circuit  design. 

\  /  r  I  1 - 1 - 1 - 1 - 


State 

D 

c 

B 

A 

Y 

1 

1 

1 

0 

0 

1 

2 

1 

0 

0 

1 

1 

3 

0 

0 

1 

1 

1 

4 

0 

1 

1 

1 

0 

5 

1 

1 

1 

0 

1 

6 

1 

1 

0 

1 

1 

7 

1 

0 

1 

1 

0 

8 

0 

1 

1 

0 

0 

Fig.  10.23 
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(5)  Logic  diagram. 


Shift  Register 


03 

X 

nu 

00 
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f? 

0 

4 

17 

R 

Ha  oi 
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1 

13 
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BA  11 

1 

0 

X 

0 

3 

7 

15 

11 

BA  10 

i 

2 

0 

6 

a 

14 

X 

10 

Y  =  B  +  r)C  +  DC  =  E  +  (D®C) 


i 


— _ _ _  Fig.  10.24 

Ex'  3  ’’  Ip,einfnC!n0WinLPUlS?  tra^  is  to  be  generated  by  using  shift  register.  Explain  the  steps  in 
.  designing  and  draw  logic  diagram.  v 

Pulse  train  10101,  10101,  ... 

Soin. : 


(1)  Pulse  train  is  10101 

(2)  No.  of.  timing  Intervals  are  5. 

(3)  No.  of  FFs  <  <  2N  -  1  where  N  =  no.  of  FFs. 
5  +  1  <  2n  6  <  2n,  .*.  N  =  3 

(4)  State  table  : 


Fig.  10.25 

Decimal  equivalent  states  are  5,  2,  5,  3,  7.  /.  5  is  occurring  twice  in  the  sequence. 
.•.  Now  tty  with  4  FFs. 
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atcs  of  counter  arc  unique  10,  5,  11.6,  13. 

(5)  Design  of  combination!  circuit 


State 

I) 

c 

B 

A 

Y 

1 

1 

0 

l 

Ox 

>rl 

2 

0 

1 

0 

1 

3 

1 

0 

1 

1^ 

>0 

4 

0 

1 

1 

0^ 

>1 

5 

1 

1 

0 

1^ 

*0 

Fig.  10.27 


K  map  : 


Y  =  n  + A  =  DA 


Fig.  10.28 

(6)  Logic  diagram 


Fig.  10.29 
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In  this,  circuit  will  be  given  and  one  has  to  find  states  through  which  shift  register  passes.  To 
understand  this  let's  solve  example 

shift  register  with  associated  combinational  logic  circuit  is  shown  in  Fig  10  30  Explain  its 
action  by  drawing  waveforms  for  the  outputs  of  shift  register  (ABCD)  Assume  that  Initially  shift 
register  is  in  the  state  ABCD  =  1111. 


Soln.  : 


Fig.  10.30 


( 1 )  Write  equation  for  output  Y. 

(2)  Basically  output  Y  is  serial  in  for  shift  register,  shift  is  left  shift,  serial  in  placed  in  LSB  i.e. 

D. 


So  make  table. 


Fig.  10.31 
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Digital _ 

Explaination  :  (Refer  Fig.  10.32) 


Initially  ABCD  =  1111,  Y  =  (1  ©  1)  i-  i  1  =  0  +  0  =  0 

Y  =  serial  In  =  0,  /.  when  1st  CLOCK  edge  hits,  AECD  =1110  (Left  shift). 

Now  ABCD  =  1110,  Y  =  (l  ®  l)+7o  =0  +  0  =  0 

Y  =  serial  In  =  0,  .-.  when  2nd  CLOCK  edge  hits,  ABCD  =  1100 
Thus  you  proceed  till  you  get  initial  condition  ABCD  “1111. 

From  table  (Fig  10  31)  we  found  that  counter,  counts  tlirough  15,  14,  12,  9.  3,  6,  13,  10,  5,  11,  7  and 

15. 

Thus  generates  sequence  —>111 100 110101 
Waveforms  (Waveforms  are  as  shown  in  Fig.  10.32).- . , 

Ex.  5  :  Using  a  shift  register  design  a  pulse  train  generator  to  generate  the  waveform  shown  in 
cig.  10.33.  Also  examine  the  response  of  the  circuit  for  all  illegal  states. 


iiTLJTL2+TrLITli 

Fig.  10.33 


Soin. : 

(1)  The  pulse  train  is  01010. 

(2)  No.  of  distinct  time  intervals  are  5. 

(3)  No.  of  FFs  required  will  be 
5  <  2N  -  1 


6<2 


,N 


N  =  3 


(4)  State  tabic 


State 

C 

B 

A 

Y  O/F 

Decimal 

equivalent 

1 

0 

1 

0 

- 

2 

2 

1 

0 

1 

- 

5 

3 

0 

1 

0 

- 

2 

4 

1 

0 

0 

— 

4 

L  J 

0 

0 

1 

— 

1 
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Slate  2  is  repeating, 
JState  table. 


increase  one  FF. 


State 

n 

1  „ 

1  V. 

E 

% 

j 

1  Y 
n/p 

Decimal  ^ 
equivalent  j 

1 

0 

1 

0 

i 

0 

5 

2 

1 

0 

1 

0 

0 

10 

J> 

0 

1 

0 

0 

1 

4 

4 

1 

0 

0 

1 

0 

9 

5 

0 

0 

1 

0 

1 

2 
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K-ntap  : 

DC  DC  Be  DC  DC 

oo  01  11  10 


B  A 


(6) 


Ha  oo 


BA  01 


BA  11 


BA  10 


1 

i 

X 

X) 

0 

4 

12 

9 

X 

0 

X 

0 

i 

5 

13 

9 

X 

X 

X 

X 

3 

7 

15 

11 

2S 

X 

X 

0 

2 

6 

14 

10 

Let’s  check  for  invalid  states.  Analysis  method  is  same  as  followed  in  Ex  .Yconsidcr  initially 
state  is  0000  (Invalid  state) 


CLK 

edge 

Seria 

In 

D 

c 

B 

A 

O/P  Y 

=  BA  +  DC 

Decimal  states 

Initially 

- 

- 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

Invalid 

2 

1 

0 

0 

1 

1 

1 

3 

3 

1 

0 

1 

1 

1 

0 

7 

4 

1 

1 

1 

1 

0 

0 

14 

5 

0 

1 

1 

0 

0 

1 

12 

6 

1 

1 

0 

0 

1 

0 

9 

Valid 

Initially 

— 

- 

0 

1 

1 

0 

0 

6 

Invalid 

I 

0 

1 

1 

0 

0 

1 

12 

— 

2 

1 

1 

0 

0 

1 

0 

9 

- a«.  Valid 

Initially 

— 

— 

1 

0 

0 

0 

1 

8 

Invalid 

1 

1 

0 

0 

0 

1 

1 

1 

After  this  states  will  be 

3.  7,  14,  12.  and  9 

Initially 

- 

- 

1 

1 

0 

1 

0 

11 

— Invalid 

1 

0 

1 

0 

1 

0 

0 

10 

— **  Valid 

Initially 

- 

- 

1 

0 

1 

1 

0 

13 

|  Invalid 

1 

0 

0 

1 

1 

1 

0 

7 

After  this  states  will  be 

I  Valid 

14,  12  and  9 

J 

Initially 

- 

- 

1 

1 

1 

1 

0 

15 

— ^Invalid 

1 

0 

I 

1 

1 

0 

0 

14  ->  Stop 

Fig.  10.34 
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Total  FFs  are  4  No  of  states  will  be  If, 

hit  ot  l(>,  5  10  402  are  valid  states  Remaining  all  i.c  0  I  1  f»  7  K  II  12-11 

•4  -  15  are  invalid 

We  are  suppose  to  find  the  sequence  when  invalid  states  arc  present  So  start  initially  with  DCBA 
o  0  0  0  (decimal  0) 

1  roni  table  we  came  to  know  that  after  0  next  state  is  I.  then  1,  7,  14,  12  and  0.  After  getting  valid 
^'tate,  you  lu\e  to  stop  cause  if  you  continue,  you  will  loop  your  self  in  valid  states 
Aftet  this  you  now  look  for  remaining  invalid  states 
Remaining  arc  now  6,  8,  11.  13,  i  s 
Take  each  state  one  by  one. 

When  6  is  taken,  next  state  is  12  and  then  9.  So  again  stop. 

W  hen  8  is  taken,  next  suite  is  1  which  is  invalid.  But  you  arc  now  already  aware  what  will  be  the  next 
state  after  1  So  stop  these. 

Now  select  state  1 1,  next  state  is  valid  10  so  again  stop.  Select  state  13,  next  state  is  7  We  know  that 
after  7  next  states  will  be  14,  12.  and  9.  So  stop  at  7. 

Finally  take  state  15,  next  state  is  14.  After  14  it  will  be  12  and  9.  So  stop  here. 

Just  as  a  curiosity  if  we  draw  state  diagram  for  above  problem,  it  will  be. 
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JO.  12  Examples  from  University  Papers  : 


Shift  Register 


a  schematic  diagram  of  4-bit  bi-dircctional  shift  register  using  R-S  flip-flops. 
Explain  its  working. 


Clock 


Fig.  Q.  10.1 


Step  I  :  Fig.  Q.10. 1  shows  4  bit  bidirection  shift  register.  So  data  is  shifted  in  both  directions. 

Step  II  :  Shift  right  operation  : 

Control  input  M  =  1 .  AND  gates  P  are  enabled. 

Data  is  applied  at  DINR.  Data  D  is  shifted  towards  right  when  CLK  pulses  are  applied. 

The  output  for  shift  right  operation  is  taken  at  Q0. 

>tep  III :  For  shift  left  operation  : 

Control  inut  M  =  0.  AND  gates  marked  Q,  are  enabled. 

Data  is  applied  at  DINL.  Data  D1NL  is  shifted  towards  left  [Shown  by  dotted  lines],  when  CLK 
pulses  are  applied.  The  output  for  shift  left  operation  is  taken  at  Q3. 

2.  Give  truth  table  and  schematic  diagram  of  4-bit  twisted  ring  counter.  Explain  its  working. 

(May  96, 8  Marks,  May  97, 10  Marks) 

Ans.:  Refer  Section  10.7. 

3.  For  conversion  of  4  bit  parallel  input  to  serial  output  using  D  flip-flops.  Give  schematic 

diagram  and  relevant  timing  diagram.  (May  96,  Dec.  97,  June  99, 8  Marks) 
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Fig.Q.  10.3  (a) 

Fig.  Q.  10. 3. (a)  gives  us  sche  natie  diagram  for  parallel  input  serial  output 
(i)  Inputs  arc  taken  at  parallel  port  B0B(B2BV 

(iij  When  mode  is  1.  AND  gates  marked  Q  are  enabled. 

(iii)  When  mode  is  0.  AND  gates  marked  P  are  enabled. 

(iv)  Output  is  taken  at  Q3. 

The  relevant  timing  diagram  is  as  shonn  in  Fig.  O.  10.3(b). 


Fig.Q.  10.3. (h) 
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Shift  Register 


At  first  input  applied  is  B0B,B2B3 
Mode  is  =  1 


=  0111 


(1)  Mode  =  1 

So  after  first  clock  edge, 

(2)  When  mode  =  0 


B0B,B2B3  =  0111 

Q0Q1Q2Q3  =  0111 
=  1 


(3)  At  second  clock  edge.  As  Q2  =  1  q  =  j 

As  Qi  =  1  q2  =  1 

As  Q0  =  0  ...  Qi  =  o 

(4)  At  third  clock  edge  As  Q2  =  1,  Q3  =  1 

As  Qi  =  0  .-.  Q2  =  0 

As  Qo  =  0  .-.  Q]  =  0 


4.  Draw  a  logic  diagram  of  4  bit  bi-directional  shift  register  using  D  flip-flops.  Explain  its 
WOrkinS*  (Dec.  96  ,  8  Maries) 

Ans.  :  The  logic  diagram  of  4-bit  bi-directional  shift  register  is  as  follows  : 


Clear 


i  ' 


Fig.  Q.  10.4 


1 


Step  I :  The  Fig.  Q.  10.4  shows  4-bit  bi-directional  shift  register.  So  the  data  is  shifted  in  both 
directions. 
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Shift  Register 


Step  II  :  SHIFT  RIGHT  OPERATION 

Control  input  M  =  1.  So  AND  gates  P  arc  enabled  Data  is  applied  at  D,NK.  Data  is  shifted  towards 
ri{,ht  (shown  b\  dotted  lines),  when  CLK  pulses  arc  applied.  The  output  for  shift  right  operation  is  taken  at 


*  or  operation  control  input  M  is  made  zero  So  AND  gates  marked,  Q  arc 

C  's  aPP^ed  at  D1N1.  Data  is  shifted  towards  left  when  clock  pulses  arc  applied  Tltc  output  for 

shift  left  operation  is  taken  at  Qv 


5.  Convert  4  bit  serial  input  to  parallel  output  using  J-K  flip-flops.  (Dee.  96,  8  Marks) 

Ans.  Circuit  diagram  for  4  bit  serial  input  to  parallel  output  is  as  shown  in  Fig.  Q.  10.5. 

Parallel  data  outputs 


Fig.  Q.10.5 

Step  I  :  In  Fig.  Q.  10.5  clock  of  all  flip-flops  are  tied  together,  therefore  all  flip-flops  changes  state 
at  same  time. 

Step  II :  Asynchronous  input  clear  is  given  to  all  flip-flops.  Hence  when  clear  (  CLR  )  =  0,  all  flip- 
flops  reset.  .*.  Output  Q  =  0000 

Step  III  :  A  and  B  are  data  inputs,  either  of  the  terminal  can  be  used  as  control  line.  When  A  =  0, 
irrespective  of  B.  input  to  flip-flop  w  ill  be  0.  At  each  clock  edge,  0  travels  from  left  to  right  after  four 
clock  pulses  0  output  =  0000.  It  means  that  if  B  =  data  in,  data  will  get  inhibited. 

Step  IV  :  When  A  =  1,  NAND  gate  is  enabled  and  data  input  B  passes  through  NAND  gate  ; 
inverted.  The  input  data  shifted  serially  in  register. 

Step  V  :  Output  of  all  flip-flops  are  taken  as  final  output.  Output  is  Qj,  not  Q.  Output  appears  at  a 
time  /.  it  is  parallel  output. 

6.  Give  truth  table  and  logic  diagram  of  tw  isted  ring  counter.  (Dec.  96, 6  Marks) 

Ans.:  Refer  Section  10.7. 

7.  Draw  a  block  diagram  of  a  four  bit  bi-directional  shift  register. 
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A  four  hit  input  1011  is  applied  to  this  shift  register.  What  will  be  the  four  different  states 
that  occur  as  the  parallel  port  outputs  of  this  shift  register? 

(i)  When  'shift  to  tight'  is  applied.  (May  98,  3  Marks) 

(ii)  When  'shift  to  left’  is  applied.  (May  98,  3  Marks) 

-Ans.  :  l  or  block  diagram  and  explanation  of  a  four  bit  bi-directional  shift  register. 

Refer  to  section  10.10  IC7495,  Fig.  10.20  (b).  Universal  shift  register  itself  acts  as  a  four  bit  bi¬ 
directional  shift  register. 

0)  W  hen  shift  to  right  is  applied,  initially  101 1  is  applied  to  inputs  A.  B.  C.  D  of  this  shift  register. 

So  at  next  negative  clock  edge  outputs  will  be. 

(a)  QaQbQcQd  =110  1 

(b)  QaQbQcQd  =  1110 

<c>  QaQbQcQd  =1111 

ni)  W  hen  shift  to  left  is  applied,  initially  inputs  applied  to  A.  B.  C.  D  is  1  0  1  1 
At  next  negative  clock  edge,  outputs  will  be, 

<a>  QaQbQcQd  =  0111 

fr)  QaQbQcQd  =1111 

(c)  Qa  Qjj  Qc  Qy  =1111 

8.  Draw  a  pock  diagram  and  explain  how  a  shift  register  can  be  used  as  counter  (any  type). 

(May  98,  5  Marks) 

Ans.:  Refer  Section  10.6. 

9.  Explain  the  w  orking  of  an  universal  shift  resigster  using  FF's.  (Dec.  98,  6  Marks) 

Ans.:  Refer  Section  10.10. 

10.  Explain  how  universal  shift  register  can  be  used  as  a  parallel  to  serial  and  serial  to 

parallel  converter.  (Dec.  98,  10  Marks,  June  99, 8  Marks) 

Ans.  :  Refer  to  Page  10-17 

11.  Show  that  an  n-bit  binary  counter  connected  to  n  to  2n  line  decoder  is  equivalent  to  a  ring 
counter  w  ith  2n  FF.  Draw  block  diagram  of  both  circuits  for  n  =  3. 

Ans.  Fig.  Q  10. 1 1(a)  shows  the  block  diagram  of  3  bit  binary  counter  connected  to  3  :  8  decoder 

As  n  =  3  ,  2n  =  8 

%  8  output  lines  w  ill  be  there,  for  decoder. 

Truth  table  for  Fig.  Q.  10.11  (a). 
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Counter 

States 

Output  of  3:8  decoder  . 

°2 

Q1 

°o 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Yi 

Y 

Yo 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1-‘‘ 

0 

0 

0 

1 

1 

c 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

y'' 

0 

0 

0 

0 

1 

0 

1 

0 

0 

y 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

_ 

1 

1 

w' 

0 

0 

0 

0 

0 

0 

0 

Table  1 


So  here  1  is  shifted  diagonally  and  we  get  respective  output  of  decoder. 

n 


Decoder 

3:8  Y3 

^4 

Ys 

Yr 


\Active  High 
f  Outputs 


J 


Fir.  10.11  (a) 

In  Fig.  Q.  10. 1 1  (a),  according  to  counter  state,  decoder  output  is  selected  and  is  made  high.  As  it  is  3 
bit  counter,  it  selects  output  of  decoder  in  sequence  from  (0  0  0)2  to  (1  1  1)2  and  back  to  (0  0  0)2.  It 

appears  that  logic  1  is  roling  in  a  loop.  Tliis  output  is  same  as  output  of  8-bit  ring  counter. 

In  ring  counter,  number  of  FFS  and  number  of  states  are  equal.  Therefore  we  will  design  8-bit  ring 

counter  using  8  flip-flops 
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PRESET 


F‘S-Q-  10.11(b)  :  Block  diagram  of  8  bit  ring  counter  CLR 


1 2.  Draw  logic  diagram  of  3-bit  bi-directional  shift  register  using  S-R  F/F.  (Dcc.99,  8  Marks) 
Ans.  In  three  bit  bi-directional  shift  register,  we  are  using  three  flip-flops.  The  flip-flops  used  arc  R- 
b  flip-flops.  An  inverter  is  connected  between  R  and  S.  This  is  because,  if  a  data  bit  x  is  to  be  clocked 


into  the^ flip-flop,  the  compliment  x  must  be  present  at  the  input.  For  instance,  if  x  =  0.  then  R  =  0 
and  S  1  and  1  will  be  clocked  into  the  flip— flop  when  the  clock  transitions. 


The  addition  of  two  AND  gates  and  inverter  allow  the  left  operation  or  right  operation.  It  depends  on 
control  input  M.  If  control  input  M  is  made  high,  AND  gates  P  are  enabled  and  data  is  shifted  towards 
right.  \\  hcreas  L  M  =  0,  then  AND  gates  Q  are  enabled  and  data  is  shifted  towards  left. 


13.  Design  a  mod-6  twisted  ring  counter  using  JK  FF,  with  'power  on  start'  and  draw  the 
timing  diagram  for  the  same.  (Dec.  99, 8  Marks) 
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Ans.  .  First  draw  circuit  of  mod-6  twisted  ring  counter  using  JK  FF 
As  it  is  a  mod  6  twisted  ring  counter,  so  we  will  need  three  flip-flops 
In  twisted  ring  counter,  number  of  states  arc  double  of  number  of  FFs 


Shift  Register 


CL 


C 


( 


roi 

o. 

in 

it 


Fig.  Q.10.13  (a)  :  Diagram  of  mod-6  twisted  ring  counter 
Truth  table  for  mod  6  twisted  ring  counter  is  as  follows  : 


CLOCK 

Qc 

Qb 

Qa 

State 

Initially 

0 

0 

0 

0 

1 

0 

0 

1 

1 

2 

0 

1 

1 

3 

3 

1 

1 

1 

4 

4 

1 

1 

0 

5 

5 

1 

0 

0 

6 

6 

0 

0 

0 

1 

7 

0 

0 

1 

1 

Table  2 


As  it  is  a  mod-6  counter,  0  to  5  are  valid  states.  So  after  6th  clock  pulse  counter  comes  back  to  initial 
state. 

- — — -  . . . . . y 

Note  :  For  explaination  of  power  on  start  circuit  refer  to  Chapter  9,  Section  9  3  4j 
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Timing  diagram  for  mod-6,  twisted  ring  counter  is  as  follows  : 


CLK_ 

r 

■ 

— 

n 

— 

L 

— 

i  ! 

- - 

J 

n 

j 

k 

j 

n 

°A 

On 

B 

Q_ 

— 

— 

— 

— 

|  ! 

C 

— 

— 

— 

— 

— 

- i 

• 

• 

Fig.  Q.  10.13  (b) 


(i)  From  truth  Table  1,  we  can  say  that  QA  is  high  till  third  clock  pulse  and  at  fourth  clock  edge  it 
falls  to  zero. 

(ii)  Similarly  QB  and  Qc  becomes  high  at  second  and  third  clock  edge  respectively  and  becomes  zero 
at  fifth  and  sixth  clock  edge  respectively. 

□  □□ 
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Comment 


•  Very  very  very  important  chapter. 

•  Considering  today's  trend  i.e.  VHDL(VLSI). 

This  chapter  is  the  base  for  that  topic. 

•  Concentrate  more  on  Sec.  1 1 .5  to  Sec.  1 1 .7. 

•  Clear  each  and  every  concept  related  to  moore  model. 
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Fig.  11.1  :  General  model  of  sequential  svstem 

k 

From  Fig.  11.1  we  can  conclude  that  sequential  circuit  has  memory  [  to  Mk],  and  so  can  store 

information  derived  from  past  inputs.  The  two  information  constitutes  the  circuit  internal  state  i.e.  x  input 
and  memorised  input.  In  sequential  circuit  we  have  stored  sub  groups  i.e., 

(1)  Synchronous  Sequential  Circuit 

(2)  Asynchronous  Sequential  Circuit. 

In  synchronous  circuit  we  have  clocked  flip-flops  as  memories  and  use  a  periodic  clock  signal  to 
synchronize  the  times  at  which  all  flip-flops  change  their  individual  states,  and  therefore  the  state  of  the 
entire  circuit  In  asynchronous  circuit  clock  is  not  used. 

11.2  Sequential  Circuit  Structure  : _ 

The  way  we  use  gates  and  flip-flops  in  combinational  logic  design,  the  same  way  basic  building 
blocks  of  sequential  circuit  is  gates  and  flip-flops.  One  can  connect  gates  and  flip  flops  in  many  ways  to 
form  a  sequential  circuit.  Here  flip-flop  constitutes  memory  M  and  gates  forming  one  or  more 
combinational  sub  circuit  Cj,  C2, . ,  Cq.  Now  let's  refer  different  structure  in  sequential  circuit. 

Fig.  11.2  shows  sequential  circuit,  here  memory  M  and  combinational  circuit  C  is  used.  Here  v/c 

haven't  used  any  feedback.  Because  of  no  feedback  present,  next  state  is  independent  of  present  state.  The 
next  state  is  a  function  of  primary  inputs  X  only  and  that  is  determined  by  input  logic  Cj.  Output  Z  is 

determined  by  output  logic  C2.  Sequential  circuit  of  this  type  are  quite  limited  in  their  behaviour  and  can, 

in  most  cases,  use  gated  latches  instead  of  flip-flops.  More  general  circuit  is  shown  in  Fig.  11.3. 
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f  ig.  11.2  :  Synchronous  sequential  circuit,  with  no  global  feedback 

As  shown  in  big.  1 1.3(  we  have  two  models  in  sequential  circuits  . 

(!)  Moore  circuit  (model) 

(2)  Mealy  circuit  (model). 

In  Hg.  1 1.3  (a)  feedback  is  from  memory  M.  to  input  combinational  logic  circuit  C,  Therefore,  next 
slate  is  junction  ol  both,  X  and  Y.  In  this  output  logic  C2  receives,  inputs  from  M  (mcmor\ )  only  This 
model  is  called  Moore',  named  after  Edward  F.  Moore.  The  most  common  example  for  Moore  circuit  is 
counters.  In  counters,  output  just  depends  upon  present  count. 


Fig.  11.3  (a) :  Primary  output  independent  of  primary  inputs  (Moore  Model) 

Fig  11.3  (b).  shows  most  general  case,  here  output  as  well  as  next  state,  is  function  of  both.  X  and  Y 
Tlus  model  is  called  Mealy  model  named  after  G.H  Mealy. 
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Fig.  11.3  (b) :  A  general  case  (Mealy  Model) 

Mealy  circuit  can  be  characterised  by  quinteuple.  A 

M  =  (Z,  Q,  Z,  8.  X) 

where.  I  =  Finite  non-empty  set  of  input  symbols  xh  x2, . xz 

Q  =  Finite  non-empty  set  of  states  q,,  q2, . qn 

Z  =  Finite  non-empty  set  of  output  symbols  z b  ^ . zm. 

8  =  Next  state  function,  which  maps 

Q  x  I - >  Q 

A.  =  Output  function  which  maps 
Q  x  Z - »  Z 

Sarr  j  way  ;n  Moore  model,  next  state  and  output  functions  are  expressed  as, 

8  (q  (n).  x  (n))  =  q  (n  +  1) 

and  l  (q  (n).  x  (n))  =  z(n) 

where.  x  (n)  =  Present  input 

q  (n)  =  Present  state 

q(n+l)  =  Next  state 
z  (n)  =  Present  output 

If  we  combine  c,  and  c2  in  Fig.  11.3  (b)  and  the  connections  between  them  into  single  combinational 
;ircu't  C.  we  get  Huffman  model  as  shown  in  Fig  1 1.4. 
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Fig.  11.4  ;  Huffman  model  in  sequential  circuit 

Mam  signal  types  in  sequential  circuit  are  defined  as  follows  : 


xl>  x2’  • 

Xh 

- >  Primary  Input  Variables 

Zl>  Z2' 

- >  Primary  Output  Variables 

=  yt,y2, 

•••.yP 

- >  Secondary'  Input  Variables 

-i- 

OR  (internal)  State  Variable 

=  yi,y2<  •• 

. >'r 

- >  Next  State  Outputs 

Therefore,  Mealy  and  Huffman  models  of  sequential  circuits  are  essentially  the  same.  The  structure 
Fig.  1 1.3  (b)  and  Fig.  1 1.4  covers  all  the  main  synchronous  sequential  circuits. 

Digital  system 


Combinational 

logic 


Sequential 

logic 


Programmed 

logic 


Discrete 


Random  logic  Array  logic  Asynchronous  Synchronous 

i  1  i  r  1  i  i — L~ - — — i 

SSI  MSI/LSI  ROM  PI. A  Level  mode  Pulse  mode 

_ _ >  t _ _ j 

Memory  not  required  Memory  required 

Fig.  11.5  :  Overview  of  digital  system 
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Note:  Figs.  11.3  (a)  and  (b),  Fig.  114  are  synchronous  sequential  circuits  To  have  asynchronous 
_ simply  remove  clock  signal,  _ 

At  this  stale  if  you  try  to  overview  full  digital  system  it  will  be  as  shown  in  Fig.  1 1.5. 

Important  Point  : 

Beha\  iour  of  any  sequential  circuit  can  be  described  by  sequence  of  events  which  occur  at  discrete 
ms  nnts  1C-  at  l'mc  li  - 12*  h  ar)d  so  on.  We  arc  aware  with  the  fact  that  output  of  sequential  circuit  depends 
upon  input  x  (t)  and  state  of  the  circuit.  It  may  happen  that  circuit  might  have  infinite  varieties  of  possible 
listorics.  To  memorize  these  histories  we  require  memory  of  infinite  size.  It  is  impossible  to  design  or 
realise  circuit  with  infinite  storage  capabilities.  Therefore  in  many  cases  or  all  the  cases  you  will  find,  we 
use  finite  memory  elements.  Therefore  we  memorise  finite  post  states  of  the  circuit.  Therefore  normally 
circuits  in  Fig.  1 1.3  and  11.4  arc  referred  as  finite-state  sequential  circuits. 

11.3  State  Diagram  :  Moore  Model :  i 


State  diagrams  which  we  had  studied  in  Flip-flop  chapter,  were  for  Mealy  model.  Presentation  of  state 
diagram  will  be  slightly  different  for  Moore  model. 


Fig.  1 1.6  :  Moore  mcdel  state  diagram  (An  example) 

As  shown  in  Fig.  1 J  .6,  state  transition  arrow  is  labeled  with  only  one  variable,  and  that  is,  state  of  the 
input  that  causes  transition.  Output  state  is  indicated  within  the  circle,  below  the  present  state  because  in 
Moore  model,  output  depends  only  upon  present  state  and  not  on  the  input. 

One  more  important  difference  between  Mealy  and  Moore  model.  In  Moore  model,  the  output  docs 
depends  on  the  input,  since  the  state  depends  on  the  input,  but  the  effect  on  the  output  is  delayed  untill 
after  the  next  clock. 

11.4  General  Procedure  for  Analysing  Synchronous  Flip-flop  Circuits  : 


Under  this  section  we  are  going  to  analyse,  given  sequential  circuit.  Analysis  means  we  arc  interested 
to  find  state  table,  state  diagram  for  a  given  sequential  circuit. 

Hint :  Remember  operation  of  flip  Hops  and  its  characteristic  equation. 

Fig.  11.7  specifies  flowchart  for  analysing  given  sequential  circuit.  Let's  take  one  example  for 
analysis. 
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Fig.  Ex.  11.1(a) 
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Fig.  Ex.  11.1(a)  shows  parallel  adder  i.e.  combinational  circuit.  It  performs  4  bit  binary 
addition.  Fig.  Ex.  11.1(b)  shows  sequential  version  of  the  same.  Perform  4  bit  addition  using 
the  same  circuit.  Draw  timing  waveforms  also. 

Soln.  :  (1)  The  giv  en  circuit  is  nothing  but  serial  adder. 

(2)  It  contains  :  A 

(a)  3.  tw  o  input  AND  gate 

(b)  1.  three  input  XOR  gate 

(c)  1.  three  input  OR  gate 

(d)  1.  D  type  flip  flop 

f3)  Flip-fK  memorises  'Carry  bit'  C. 

(4)  C  ru  it  lias  two  inputs  x,  and  x2.  i.e.  operands  \j  and  x2  bits  should  be  applied  bit  by  bit. 
with  LSB  first. 

Working  :  Add  binary  x,  =  (1010)2  and  x2  =  (00 1  ())2 
Initially  flip-flop  is  rescued,  therefore  v  =  0 

After  the  start  of  cycle  1.  the  two  LSB  bits  of  input  operands  should  be  applied  to  adder 
X|  =0.  x2  =  0.  Presently  y  =  0.  c  =  0 

Resulting  sum  bit  '0'  appears  at  output  /.  and  new  cam  bit  'O'  is  applied  to  D  FF  input  > 

-  Now  apply  2nd  CLK  edge.  Presently  x,  =  1.  x2  =  1.  New  cam  bit  gel  loaded  at  positive  edge  of 
CLK.  Therefore  y  =  0. 

Resulting  sum  bit  'O'  will  appear  at  output  Z.  and  new  cam  bit  T  will  appear  at  input  to  D  FF. 
input  y\ 

-  Now  when  positive  edge  of  3rd  CLK  appears  y  =  Lie  nothing  but  y  * . 

Next  two  operand  bits  will  appear  at  \,  and  x2.  \j  =  0.  \2  =  0  and  y  =  1 
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Nc"  i;m>  1,11  "'ll  Itcl  loaded  inDI'l',  when  l"'  (  I.K  pulse  nppems  v  0 
Next  two  operands  hits  will  appear  at  \,  and  s , 

N i  I .  Ni  o  and  \  o 

I  he to  lore  result  i  up  sum  hit  T  will  appear  at  output  / 

I* malls  cany  hit  will  appear  at  \  1  input  ol  I)  l-T  i  c 
As  shown  wo  pet  sequential  answer 

**  I  I  ( I  100);  is  final  answer 

T 

MSIJ 

Clock  cyclo 


0 

T 

i.sn 


Fig.  Ex.  11.1  (c)  :  Serial  adder  working 


Precautions  :  For  proper  operation  of  the  circuit : 

( J)  Initial  value  of  the  stale  variable  y  should  be  '()'  before  the  first  LSB  bits  of  x,  and  x2  arc  applied. 
(2)  Clear  D  FF.  before  each  new  n  bit  addition  begins. 

Now  let's  prepare  state  table. 

The  equations  arc,  ~  X|©x2©y 

V  ~  X j  X 2  F  X|V  F  x2v 

Now  for  each  x,  x2  and  y,  wc  have  to  calculate  y '  and  z. 

/  Let's  say  X  =  x,  x2=  11  and  Y  =  y  =  0 

Z  -  x ,  ©  x2  ©  y 


=  1  ©  1  ©  0  =  0 

y4  =  xi  x2 +  xi  y +  x2  y 

=  1  •  |  F  i  •  ()  F  i  •  o  =  1 

-  —  r-t  'irtt--.fi-'-  ■:",w"!1'i1T  nirmF'.-  :-  -' 
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Present 

Next  state 

Output  (y+) 

state  (y) 

x,  x2 

x,  \2 

x,  \2 

X,  x2 

*1  *2 

X,  X2 

X,  x2 

X,  x2 

0  O 

O  1 

1  1 

1  0 

0  0 

0  t 

1  1 

1  0 

O 

o 

0 

1 

0 

1 

0 

1 

L  i 

0 

— 

1 

1 

1 

l 

0 

1 

0 

tr ,, - - - — 1 - - 1 - : - : - 1 - : - 1 — 

uc  consider  q0  -  ()  state  and  q,  I  state  we  will  get  state  table  as 


Present 

state  (y) 

—  _ _  '  1  C7' 

_ _  Next  state 

Output  (> ^ ) 

*i*2 

0  0 

x,x2 

0  1 

*1*2 

1  1 

*1*2 

1  0 

x,x2 

0  0 

xtx2 

0  1 

*1*2 

1  1 

*1*2 

t  0 

0 

On 

Oo 

0 

1 

0 

1 

1 

0o 

0i 

1 

0 

1 

0 

1,  - 

Let  s  draw  state  diagram  for  the  same. 

Now  let's  draw  stale  diagram  for  the  same. 
(1)  Consider  initial  state  y  =  0  (q0). 


Present  Present 


Fig.  11.8  :  State  diagram  for  serial  adder 

(2)  When  state  is  y  =  0,  If  x,  x2  is  00/0.  01/1  or  10/1,  circuit  remains  in  state  y  =  0. 

Herc  0  0  /  0 

0  1  /I 

10  /I 


i  i 

Present  input  Present  output 

xi  x2  z 

(3)  To  switch  over  from  y  =  0,  to  y  =  1,  x,x2/z  is  1 1/0. 

(4)  Now  circuit  will  be  at  state  y  =  1,  till  xtx2/z  is  01/0,  10/0  or  11/1. 

(5)  Circuit  changes  slate  from  y  =  1  to  y  =  0  when  X)X2/z  is  00/1. _ 

rWote  ;  The  circuit  is  Mealy  circuit.  Waveforms  given  below  will  clear  your  idea  for  the  same_ 

The  waveforms  are  drawn  for,  x,  =  1001  and  x2  =  0101. 

x  10  0  1 


1110 
Fig  1 1  9(a)  represents  timing  cycles  for  the  same 
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i  H)  In  cycle  0,  everything  gets  cleared  j 

1  21  Therefore  y  -  1  and  z  =  0  Status  of  y*  will  not  immediately  appear  at 

U  appear  at  next  positive  CLK  edge 

.  s.a.bs  o,  ^  appears  at  output  y  of  D  FF  Now  x,  =  x2  =  0,  and  y  =  1  Therefore  y*  =  1 
0  and  z  -  ^ 

-n  c>c|e  o  status  of  y+  =  0.  wj||  appear  at  output  y  of  D  FF.  Now  xt  =  0  and  x2  =  1,  with  y  =  0 
we  get.  y  =  0  and  z  =  1.  2  | 

(5)  Finally  in  cycle  4v+  =  riw-n  >  ,  . 

•  y  ,  y  0.  x1  —  1  and  x2  -  0,  .  y  =0  and  z  =  1. 

-^-describes  fu||  workmg  nf  pirr)|it 

Observation  :  —  ~ 

1  Output  of  D  FF  changes  only  when  CLK  arrives.  It  won’t  change,  eventhough  input  y+  changes. 

- )  Output  of  combinational  circuit  i.e.  z  changes,  as  soon  as  eiUicr  x,  or  x2  or  y  changes.  In  general. 

I  iar\  output  signal  Zj.  is  function  of  \j.  so  the  change  in  x-  immediately  affects  zk. 

To  understand  point  2  of  observation,  refer  Fig.  1 1.9(b). 

Rcfei  Fig.  11.9(b).  As  shown  in  Fig.  11.9(b),  a  narrow  1  pulse  in  X|.  which  is  an  externally  generated 
oisnm  "  "1C  "'lddlC  °f  C'  ClC  3'  produces  a  corresponding  glitch  in  form  of  'O'  pulse  in  z.  Because  at  that 

xi  L  *2  ~  b  }  ~  0  x j  +  \2  +  y  =  z  =  1  +  1+0  =  0  with  cariy. 

Wc  gct  z  =  °-  Glitch  remains  there  for  very  short  span.  Therefore  this  1  pulse  (glitch)  does  not 
‘  ccl  -v '  bccausc  11  has  disappeared  by  tlie  time  the  flip  flop  is  triggered  at  the  start  of  cycle  4.  Therefore  to 
produce  a  single  well  defined  output  value  or  state  change  in  any  CLK  period,  each  data  input  should  be 
K  d  constant  for  most  of  the  clock  period.  Therefore  for  proper  operation  of  the  circuit,  all  input  signals  x 

should  be  well  defined  0  or  1 .  pulses.  Normally  input  should  be  maintained  for  full  one  clock  penod 
More  detail  regarding  the  same  will  be  given  to  you  afterward*. 


Fig.  Ex.  11.2(a)  :  Sequential  circuit 
Soln.  :  ( 1 )  First  we  w ill  w ntc  boolean  expressions  for  the  same 
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■N  ©  Vj  ©  y-,  =  7. 

(2)  First  \vc  Will  write  state  transition  table. 
In  our  problem. 


Wc  can  write,  y,y2y 
We  get  table 


z  =  Output 

-  l  -  2  >3  - >  Provides  previous  state 

-f 

>'i  >r2  >'3  - »  Provides  next  state 

x  =  Input 

x/z 


"^1  >'2  >'3 


Present  state 


-vi 


0 

0 

0 

0 

1 

I 


-2 


>’3 


0 

0 

1 

1 

0 

0 

1 

1 


0 

1 

0 

I 

0 

1 

0 

1 


Next  state  (y|  y*  y*) 

Oil  put  (/.) 

x  =  0 

X  =  1 

x  =  0 

X  =  l 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

l 

0 

1 

(3)  /Next  step  we  follow  is  simply  rearrange  transition  table  to  get  state  table.  Only  the  important 
point  here  is  we  define  labels  to  the  state. 

State 


00  0 

-> 

So 

1  0  0 

-> 

S4 

0  0  1 

— > 

Si 

1  0  1 

-> 

S5 

0  1  0 

— > 

S2 

1  1  0 

— > 

S6 

0  1  1 

— > 

S3 

1  1  1 

— > 

S7 

State  table 


Present  state 

Next  state 

Output 

x  =  0 

X  =  1 

x  =  0  I 

x  =  1 

So 

So 

Si 

0 

1 

S, 

s3 

S2 

1 

0 

S2 

s4 

S5 

0 

1 

S3 

s7 

S6 

1 

0 

S4 

S, 

So 

1 

0 

Ss 

S2 

S3 

l 

1 

S6 

S5 

S4 

1 

0 

S7 

S6 

S7 

0 

0 

Scanned  by  CamScanner 


Di 


9,taJ  Lo9'C  Des.gn  & 
'  ^  I  Ik:  last  sicp 


^ppl'cat' 
's  to  diaw 


ons  11-M 

slate  diagram  Ik  m  stall 


iblc 


Analysis  and  iynthes's 


Fig.  Ex.  11.2(h)  :  State  diagram 


Mote 


Till  this  point  if  you  have  observed  carefully,  v/e  have  used  DFF  DFF  is  simple  flip-flop 
because,  whatever  is  input,  that  will  be  the  output.  But  for  TFF,  JK.  FF,  SRFF.  this  is  not  the 
case  We  have  to  take  into  account  input  to  the  FF,  and  then  we  have  to  decide  next  state 
Let's  start  with  simple  TFF. 


Ex.  3 


Consider  TFF  circuit  as  shown  in  Fig.  Ex.  11.3(a)  Find  out  state  table  and  diagram  for  the 
same. 


Fig.  Ex.  11.3(a)  :  T  FF  sequential  circuit 

Soln.  :  (1)  First  step  is.  \vc  will  write  expressions  for  T1?  T2,  T3  and  T4 

T,  =  x 

T2  =  *>i 

Tj  =  xy,y2 

F4  ~  \V  i>2>3 

(2)  Output  states  arc  Y4.  Y3,  Y2  and  Y,.  Input  line  is  x. 

We  will  first  write  excitation  table 
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Flip-flop  iii| 

Mils 

Next  state  ( Yj  1 1  •-  v() 
»=1.2.  J,  i 

It  is  module  16  counter.  Secondly,  if  input  x  =  0,  counter  latches  count  and  if  x  =  1.  counter  is 
free  running. 


Fig.  Ex.  11.3(b) :  State  diagram 


Ex.  4  :  For  given  circuit  as  shown  in  Fig  Ex  11  4(a)  find  out  state  diagram  and  state  table 
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Soln.  .  ObsciA  mg  the  circuit  you  will  find  that  it  is  nothing  but  serial  adder  only.  But  the  circuit  uses  SR 

instead  ol  D  FF  as  in  Ex.  1.  Now  let's  analyse  the  same.  We  should  get  same  state  table  and  state  diagram, 
ns  in  Ex.  1. 

Step  1  :  Firstly  we  have  to  find  excitation  functions  in  terms  of  circuit  inputs  and  flip-flop  outputs 

from  given  circuit  diagram. 

S  =  x,x2  R  =  Xj  x2 


Step  2  :  Now  let's  obtain  binary  transition  table,  from  excitation  table.  Binary  transition  table  consists 
of  Y  and  Z.  Where  Y  =  S  +  Ry  and  Z  =  XjX2  v  +  x2v  +  X]X2v  +  Xj  x2y 
Now  we  will  combine  all  the  states,  as  well  as  output  and  draw  final  state  table. 


I  Present 

Flip-flop  inputs  (S/R) 

Next  state 

Output  z 

state 

S  = 

\i  x2; 

R  =  A 

1  x2 

Y  =  S  +  R  Y 

z  = 

x,  x2  > 

’  +  Xj  x 

2  y 

(y) 

— 

+ 

*1  X2  > 

+  x,  x2 

y 

*1  *2 

x,  x2 

x,  x2 

X,  x2 

*1*2 

Xi  x2 

xi  x2 

XjX2 

*1*2! 

*1*2 

x,x2 

xlx2 

0  0 

0  1 

1  1 

1  0 

0  0 

0  1 

1  1 

1  0 

0  0 

0  1 

1  1 

1  0 

0 

0/1 

0/0 

I/O 

0/0 

0 

0 

1 

0 

0 

1 

0 

1 

j 

0/1 

0/0 

1/0 

0/0 

0 

1 

1 

1 

1 

0 

l 

0 

To  check  how  we  gol  output  Y  and  Z.  we  will  take  one  example, 
x,  =  1  :  x2  =  1  and  y  =  0 

Y  =  S  +  R  y 


=  ,\j  x2  +  Xj  x2  y  =  1  +  0  •  0  =  1 
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X!  x2>  4  xl  x2  > 


1-1-0+1-1-0+1-1-0+1-1-0 


r 


Fig.  Ex.  11.4(b) 

"NJote  :  In  next  example  drawing  pattern  of  state  table  is  slightly  changed,  shown  as  2D  array _ , 

Ex.  5  :  Consider  JK  FF  circuit  shown  in  Fig.  Ex.  11.5(a).  Find  out  state  table  and  state  diagram  for 
the  same. 


Fig.  Ex.  11.5(a) :  Sequential  circuit  containing  JK  FF 

Soln. :  (I)  We  will  write  expressions, 
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Z  =  x  +  y2 

Ji  =  x  +  y,  +  y2 

K,  =  x  +  y2 

J2  =  1 

K2  =  X  +  y2 

(2)  Characteristic  equation  for  JK  is. 
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Q  (n  +  1 )  =  J(n)  Q  (n)  +  K  (n)  Q  (n)  _ 

y\  =  JjQj+KjQ,  =  (x  +  v, +y2)  .yt +  (  x  +  y2  )>1 


Simplify, 


yi  =  yi  +  x>’2 


y2  =  J2Q2  +  k2Q2  =  i-y2  +  (  x  +  y2  )>'2 


=  y2  +  (  x  +  y2  )  y2 


Simplifying 


Transition  table  will  be  as  shown 


Next 

state 


(3)  Let's  say, 

0  0  — >  A 
0  1  — ^  B 

1  0  c 

1  1  — >  D 


Present  \ 
state 


X 

yi  y2 

Present  input 
x  x 

0  1 

A 

D,  1 

D,  1 

B 

C,  1 

c,o 

C 

B,  1 

B,  1 

D 

A,  1 

C.0 
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A n alysis  and  Synthesis 


Ex.  6 


Fig.  Ex.  11.5(b) 


For  given  sequential  circuit  draw  state  table  and  state  diagram.  Refer  Fig  Ex  11  6(a) 


Fig.  Ex.  11.6(a) 

Soln.  :  (1)  First  step  is  to  write  equations  . 

J]  =  x  ;  Kj  =  x 
J0  =  z  =  (x+y,)y0 

Ko  =  x  +  y,  y0 

From  cliaractcristic  equation  of  JK  we  can  write  down, 

>■;  =  jiQi+^q, 

=  xy,  +  xy,  =  xy,  +xy, 

=  x 

>'o  =  JoQo  +  K0  Q0 

=  <x  +  y  i )  y o  y0  +  ( x  y  j  y0  y0 
=  (x  “F y,)y0 
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(2)  Now  write  transition  table 


(3)  Define  states 

0  0 ~  >  q0 

0  1 - >q, 

1  0  >  q2 

I  I  >  q3 

We  get  state  table  : 


Present  ^ 
state 


(4)  State  diagram 


^  X 

•Vo 

■ 

Present  input  x 

0  1 

0  0 

0  0.0  11.1 

0  I 

00.0  10,0 

I  1 

00,0  10,0 

1  0 

0  1  ,  I  11,1 

_ Df  t 

v,  v 


1  >0 


X 

.vi 

Present  input  x 

0 

i 

0  0 

Qo  .0 

q3  .  1 

0  1 

JO 

o 

o 

q2  > 0 

1  1 

q0  .o 

q2  .0 

1  0 

qi ,  i 

q3  - 1 

Analysis  and  Syrthesis 


X/Z 


Fig.  Ex.  11.6(b) 


11.5  State  Reduction  and  Assignment : 


Wlienevcr  we  design  any  circuit,  in  initial  stage  we  say  it  as  Rmv  design.  Once  the  Raw  design  fulfills 
our  requirements,  we  concentrate  on  reducing  the  same  design  Reducing  doesn’t  mean  compromising  for 
performance.  Reducing  means  reduction  in  hardw  are  By  reducing  hardware  one  can  reduce  cost  of  the 
equipment  and  increase  reliability  of  the  design.  Reliability  increases  with  less  components  because  failure 
rate  decreases. 
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have  to  use  nr  '  -'slcni  des'Sn  "c  uould  also  like  to  reduce  the  hardware.  But  for  reducing  the  same  we 

tabic  iust  hem  UrC  °r  a^oddlni’  d,'s  process  is  called  State  table  redaction  The  name  involve  state 
^  I  C  <lrc  1°  ,ake  help  of  state  table  and  reduce  the  number  of  states. 

^  for  state  reduction  of  completely  specified  state  table  is  given  as  follows  : 

same  output  t  ^  equivalent  if,  for  each  member  of  the  set  of  inputs,  they  give  exactly  the 

equivalent  /  ^  circuit  either  to  same  state  or  to  an  equivalent  state.  If  two  states  are 

°~  em  can  removed  without  altering  the  input-output  relationships. 

_ °“ndcrstand  the  concept  more  clearly  let's  take  one  example. 

y  .  p  - - - - - - 

9  en  state  diagram,  prepare  state  table  and  reduce  the  same  using  "State  table 
reduction"  technique.  Refer  Fig  Ex  11.7(a). 

0/0 


Fig.  Ex.  11.7(a)  :  State  diagram 


Present  state 
a 
b 
c 
d 
e 
f 

g 


Next  state 

x  =  0  x 

=  1 

a 

b 

c 

d 

a 

d 

e 

f 

a 

f 

g 

f 

a 

f 

Output 


x  =  0 
0 
0 
0 
0 
0 
0 
0 


X  =  1 
0 
0 
0 
1 
1 
1 
1 


Now  observe  the  state  table  carefully.  Can  you  see  equivalent  state(s)  ?  Yes,  states  g  and  e 
are  equivalent  states;  they  both  go  to  slates  a  and  f,  and  have  outputs  of  0  and  1,  for  x  =  0 
and  x  =  1. 

Change  in  the  state  table  is  discard  stale  g.  And  replace  state  g  by  e.  therefore  we  have  new 
table  as, 


<r:  r  '  -■» 
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'g'  state  replaced  b>  ’c’ 


Now  again  observe  this  new  table  carefully.  Can  you  find  any  "equivalent  state  Yes.  d 
and  f  both  arc  same.  Therefore  now  discard  state  f.  and  replace  state  f  in  state  diagram  b\ 


Now  prepare  state  diagram  for  reduced  state  table. 


* 


Fig.  Ex.  11.7(b) :  State  diagram  for  reduced  state  table 

Cross  Verification  : 

This  is  just  cross  verifying  that  whatever  reduction  we  have  done  is  correct.  This  can  be  checked  by 
applying  an  input  sequence  x  to  the  circuit.  Check  output  produced  by  original  state  table  and  reduced  state 
table.  Let's  say  we  apply  x  =  010101 1 10. 

(1)  States  and  output  produced  by  original  state  table  w  hen  x  is  applied.  Prepare  table  for  the  same. 


Initially  state  is  a,  output  -  0 


»*■*"; ,  .nd  “ 1 ol  sw~' 

Scanned  by  CamScanner 


Digital  Loflic  Desiqn_S  Applicator  __  ^ 

Input  applied  is  x  -  0  Therefore  nc«  siaic  is  'a 
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(2)  jsjow  we  11  —  1,VrA|  Mate  is  a 

applied.  Wc  will  prcp^e  tab^fonL  gCnCra,Cd  b>  rcduccd  statc  ,ablc-  whcn  an  inPul  x  is 


Input  x 


State 


Output 


£ 


->  a 


0 


0 


Initiallv  efat  ^  ^Next  State  Transition 
initially  state  is  a.  output  =  0 


n 


o 


Input  applied  is  x  =  0  therefore  next  statc  is  a. 

perfect  Her  ^  outPuts  *n  bo*b  Ibc  cases,  we  found  that  both  arc  matching.  Therefore  reduction  method  is 
„  toac*  ^  '  °U  aS^  aboul  outPut  states,  because  that  are  not  matching.  Answer  for  this  doubt  is.  we 
concerned  with  the  states  circuit  goes  through.  We  are  interested  in  final  output. 

State  Assignment  : 

State  assignment  procedures  are  concerned  with  methods  for  assigning  binary  values  to  states  in  such  a 
a\  as  to  reduce  the  cost  of  the  combinational  circuit.  Actually  one  can  assign  any  binary  value  to  state, 
ccause  as  I  told  you.  we  are  concerned  with  output  only,  no  way  to  states. 

Regarding  minimum  hardware  cost,  one  has  to  go  for  trial  and  error  method  to  see  that  in  which  type 
we  require  less  hardware. 


DjJj 


11.6  Sequential  Circuit  Synthesis  : _ 

In  this  section  we  are  going  to  study  design  procedure  for  sequential  circuit.  We  arc  going  to  learn 
systematic  technique  for  sequential  circuit  implementation.  Steps  in  this  section  we  follow  is  : 

-  Construct  state  table 

-  Construct  state  diagram 
Assign  binary  value  to  states 

-  Depending  upon  requirement  of  designer,  use  SR,  T,  JK  FF,  and  draw  logic  diagram. 

Minimisation  technique  used  where  it  was  required. 

11.6.1  Design  Process  : 

Our  target  is  to  design  a  sequential  circuit  and  to  derive  structure  that  has  specified  behaviour.  One  has 
to  see  to  it  that  circuit  designed  should  meet  behavioural  specification  or  in  short  it  should  ensure 

functional  correctness. 

The  main  steps  required  to  design  sequential  circuit  is  explained  step  by  step  in  following  section. 
One  can  reduce  (hopefully)  or  shorten  the  steps  with  his/her  experience.  Now  let’s  start  with  the  design 

steps. 

1  State  Behaviour  Specification  :  In  tliis  one  has  to  specify  state  diagrams  or  state  table  or  timing 
diagram  or  other  pertinent  information.  Only  requirement  is,  one  should  describe  precisely  the 
input/output  behaviour  required  for  target  circuit.  Basically  this  point  specifies  internal  states 
needed  and  the  transition  that  can  occur  between  the  states. 

2  state  Reduction  :  If  state  diagram  is  given,  prepare  state  table  or  directly  state  table  will  be  givea 
After  that  the  next  step  is  to  reduce  number  of  states  using  state  reduction  algorithm/technique. 
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tedcpciKta^r d'CU'1  Ca"  bc  chara<:,e,iMd  b>'  inpw-owpw  relationships 

states  Js’mnh  '■  ^^lcr  "c  'la'c  complctc  slate  table,  we  have  to  assign  binary  \aluc  to  the 
state  table  L  t'°  •  ,S,<ltC  'ar':i^*cs  (bits)  required  will  be  dependent  of  number  of  states  in 
giv  en  bv.  B  >  lost  *  S  UUm  Cr  sl<l,cs  *n  s,a,c  l«ible  are  S  Then  number  of  binary  bits  B  can  be  * 

4'  Tr“"':,t""  Table  :  This  (able  specifics 

required  stale  behaviour  in  binary  form 
s  ls  aonslnicicd  from  stale 
assignment  and  slate  lablc  or  diagram 
detenu, nation  of  FF  :  Determine 
number  of  fiip-fiops  needed  and  assign 
some  letter  symbol  to  each. 

Choose  T>'Pe  °f  rr  :  In  titis  we  arc 
suppose  to  choose  FF  from  varieties 
available  i.c.  SR.  D.  JK,  T.  etc. 

Circuit  Excitation  :  From  stale  table 
derive  circuit  excitation  and  output  table. 

Inp,it/0,,tp„t  Functions  :  Using  map 
or  any  other  simplified  method  derive 
circuit  output  functions.  We  also  have  to 
define  the  input  function  that  must  be 
applied  to  flip-flops  to  produce  the 
required  next-state  values  on  their 
outputs. 

9.  Logic  Diagram  :  Now  finally  draw  logic 
diagram. 

This  general  procedure  for  synthesizing 
synchronous  flip-flops  circuit,  is 
represented  in  flowchart  manner  as 
follows  : 

Let’s  solve  some  problems  for  the  same. 


Fig.  11.10  :  General  synthesis  procedure 


Ex.  8  :  Design  sequential  circuit  for  given  state  diagram  using  JKFF.  Refer  Fig.  Ex.  11  8(a) 
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Step  j  •  p 

•  ^or  given  state  diagram,  derive  state  table. 

I  Present  stale  T~ 


Next  state 


An  i  /  •  5  and  Synthesis 


Step  2 


Tran^iotn^  “eT ,!'  "  °f  ^  —  *»  «-*  value  alrcadv  given, 
■npul  variable  and  “v^f  «*  «  '''  *  —  *»<  -  ,  one 

State  of  flip-flop  may  be  treated  as  an  output. 

Number  of  flip-flops  required. 

Number  of  stales  in  state  table  are  ’4’ 

B  =  4 

B  -  log2  (4)  =  l0g2  (2)2  =  2  log2  2  =  2 

As  two  binary  bits  are  required,  we  require  two  flip-flops. 

At  this  stage  block  diagram  will  look  like  as  shown  in  Fig.  Ex.  1 1.8(b). 


A1 

mb 

A 

Combinational 

B‘ 

circuit 

B 

X 

External 

outputs 

(none) 


External 


inputs 


Fig.  Ex.  11.8(b) 

Step  3  :  Recall  excitation  table  of  JKFF. 

Step  4  :  Now  we  are  going  to  write  excitation  table  for  given  state  diagram  Basically  this  table  w 
contain  : 
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(a)  Present  state 
to)  Input  \ 

(2)  Next  state 

< ')  Output  of  combinational  ei 
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remt 


on 


ircmt  i.e  referring  to  Fig  Ex  i  1  8(b).  JA.  KA.  JB.  KB  and  so 


-  The  sa mc^shou  n^follou^ 


Inputs  of  Combinational 
Circuit 

Output  of  Combinational  Circuit 

[_  Prcscnt  state  in„ut 

Next  state 

Flip-flop  Inputs 

L  A  B  , 

A  B 

JA  KA  JB  KB 

1 

_ 1 

Now  we  will  fill  up  I  and  J  column,  referring  to  state  table,  therefore  we  get. 


Inputs  of  Combinational 
Circuit 

Next  state 

A  B 

Outputs  of  Combinational 

Circuit 

Present  state 

Input 

Flip-flo 

p  Inputs 

A 

B 

X 

JA 

KA 

JB 

KB 

0 

jo' 

Xj 

ima 

1 

PS] 

ii 

x': 

0 

1 

0 

1 

0 

1 

1 

0 

1 

i 

0 

i 

i 

0 

1 

i 

1 

i 

1 

0 

i 

1 

l 

1 

1 

0 

0 

Table  1 

You  will  find  entries  shown  by  dotted  box.  Now  let’s  see  how  we  got  it.  To  get  this  you  have  to  ask 
one  question  to  yourself  i.e., 
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V  previous  state  is  •  Analysis  and  Synthesis 

^Ple.  refc,  v  U:lnM(1(„;  CTr'lrT  *  * 1ke"  **«  *  7  *  *V»*  ?.  For 

,t"  "  '//  Ac  7- A  ,  a  ’  C  NNC  " 1,1  ask  7/ Previous  state  is  'O',  require, I  next  state  is  'O', 

Sho"  n  in  doited  box.  m  Tabled  )  ^  "  n,C  lhC  Samc  in  thal  rou  and  111  column  of  Flip-flop  output 

ut°Z  m°K  CXa'"P,C  Rcrcr  ,ra™'">"  line  V  ...  Table  I 
7  /  state  i\  9n* 

ab,c  1  under  JB  and  KB  next  state  «  then  ./  =  /  A'  =  .V  Fill  value  of  J-K  in 

Fnnlivvo'0'1  SUlrl  n"mS  '"C  r'"‘  '*lb,C  S,CP  b'  *P  ’A'  and  'B'  variable 

—  1 1  *‘U  I  >  N  Oil  gp| 

'aP^of  Combinational  T  ~  - - - - 7 - 7 - - - 1 

circuit  Outputs  of  Combinational  circuit 

B'CSV'm  sta.e  \  ’  Inp,,, 

A  I  r. 


Next  state 


Table  2 


Step  V  :  Now  draw  K-Map  for  the  same. 

\?X  00  01  11  10 


0 

0 

0 

4 

1 

0 

3 

ill 

2 

X 

4 

X 

5 

X 

7 

w 

6 

Flip-flop  inputs 
B 


0 

X 

0 

X 

0 

X 

1 

X 

1 

X 

X 

1 

0 

X 

X 

0 

X 

0 

0 

X 

X 

0 

1 

X 

X 

0 

X 

0 

X 

—  1 

X 

1 

00  01  11 

\  y-  .  I  _ 

OX  X  fx 

_ 0 _ i__ _ 

1  0  0  tl 


JA  =  Bx 


-21 _ 

KA  =  Bx 


0  0 


1  0 


5 1 

JA  =  x 


00  01 


O  X 


1  X 


Fig.  Ex.  11.8(c) 


KB  =  Ax  +  Ax 
=  A  0  X 
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Step  Vi :  Now  finally  draw  logic  diagram 


Fig.  Ex.  11.8(d) 


Ex.  9  :  Design  serial  adder.  Use  JK  FF 


Soln.  : 


Step  1  :  Wc  have  already  with  us  state  table  for  serial  adder. 

Let  us  redraw  to  recall  the  same. 

For  state  diagram  refer  Fig.  11.8 _ 


= 

*1*2 

Present  input  XjX2 

y 

00  01  11  10 

Present  f 

0 

q0>°  q0- 1  qi-°  q0<  i 

state 

1 

q'o- 1  qt- 0  Qi- 1  q i  -  o 

where  q0  =  0  and  qj  =  1 


Single  binaiy  bit  required  therefore  wc  require  only  one  flip-flop. 


Analysis  and  Sy n t h e s is 


Step  2  :  Now  let  us  redraw  state  table,  as  we  have  done  in  previous  example,  (hint  Table  3)  (Refer 
Table  1  i.e.  JK  FF  transition  table). 


Inputs  of  Combinational  Circuit 

Outputs  of  Combinational  Circuit  | 

Present  state 

1 

In 

)Ut 

Next  state 

Flip-flop  inputs  \ 

-  y 

xi 

X2 

+ 

y 

J 

K  I 

0 

o 

0 

0 

0 

X  1 

0 

0 

1 

0 

0 

X 

0 

1 

0 

0 

0  1 

X 

0 

1 

1 

1 

1 

X 

1 

0 

0 

0 

X 

l  j 

1 

0 

1 

1 

X 

o  ! 

I 

1 

0 

1 

X 

0 

1 

1 

1 

1 

X 

0  1 

Step  3  :  Now  draw  K-Map  for  J  and  K. 
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0  0 


1  X 


X  X  X 


Ana, ys  b  and 

*2 

00 

01 

1 1 

10 

'x) 

X 

X 

X 

0 

1 

3 

2 

4 

0 

5 

M 

0 

6  | 

J  =  x,x2 


K  '  *1  X; 


Fig.  Ex.  1 1.9(a) 

^  .  <inic  wax  wc  can  also  draw  K  map  for  /.  output.  See  Fig  Ex  1 1  9(b) 
t0P  4  :  Logic  diagram  Refer  Fig.  Ex  11.9(c) 


y  x,  x2  +  y  x1  x?  +  y  x1  x2  +  y  x1  x2 
y  (x,  x2  +  x,  x2)  +  y  (x1  x2  +  x1  x2) 
y  (jc,  ©  x2)  +  y  (x1  ®  x2) 
x1  ©  x2  0  y 


Fie.  Ex.  11.9(b) 


Fig.  Ex.  11.9(c) 


Ex.  10  :  Draw  the  state  diagram  for  the  given  state  table.  Reduce  the  state  table  if  possible  and 
obtain  the  universal  circuit  implementation. 

PS  NS  /  Output 


PS  -  Present  state 
NS  -  Next  state 


x  =  0, 

X  =  1 

f,  o 

b,  0 

d,  0  ' 

c,  0 

f,  o 

e,  0 

g,  i 

a,  0 

d,  0 

c,  0 

t,  i 

b,  1 

g,  o 

h.  1 

g,  i 

a,  0 

d  =  100 
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B  >  log2  5 
B  >  log2  5 
B  >  3 


arc  a.  b.  d.  f.  and  g. 


Analysis  jme  Synthesis 
i.c  5. 


•  •  Number  of  bits  required  will  be  3. 
Let  us  say. 


a  =  000  -  (0)10 
b  =  001  -  (1)I0 
d  =  Oil  - (3)10 
f  -  010  -  (2)10 

g  =  1 10  -  (6)]0 

Unused  states  are  4,  5  and  7. 

•••  State  table  will  be. 


,  PS 

NS  /  Output 

x  =  0 

X  =  1 

000 

010,  0 

001.  o 

001 

Oil,  0 

000,  0 

Oil 

110,  1 

000.  0 

010 

010,  1 

001,  1 

110 

110,  0 

Oil,  1 

Now  draw  excitation  table  for  above  state  assigned  state  table. 
We  will  use  D  FF  for  simplified  hardware. 


I  Inputs  of  Combinational  Circuit 

i 

Output  of 

Combinational  Circuit 

O/P 

Present  state 

Input 

Next  stat< 

Flip-floj)  innuts 

A 

B 

c 

X 

A 

B 

c 

Da 

Dr 

Dc 

Y 

1  ° 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

l 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

l 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

l 

0 

1 

0 

1 

0 

0 

1 

() 

0 

l 

1 

1 

1 

0 

0 

I 

1 

0 

1 

1 

0 

0 

|  1 

1 

0 

1 

0 

1 

l 

0 

1 

l 

1 
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(5)  Logic  diagram  . 


Fig.  Ex.  11.10(c) 


Ex.  1'1  :  For  state  diagram  given  in  Ex.  7,’design  circuit  using  RSFF. 

Soln. :  (1)  Refer  Fig.  Ex.  1 1.7(a).  It  shows  given  state  diagram  in  Ex.  7. 

(2)  After  implementing  reduction  teclmique  we  have  state  diagram  shown  in  Fig.  Ex.  11.7(b) 
The  state  table  for  the  same  is  shown  as  follows  : 


Present  state 

Next  state 

Output 

x  =  0, 

x  =  1 

© 

II 

* 

x  =  1 

a 

a 

b 

0 

0 

b 

c 

d 

0 

0 

c 

a 

d 

0 

0 

d 

e 

d 

0 

l 

e 

a 

d 

0 

1 

(3)  Now  assign  binary  value  to  states. 

B  >  log2  5 

>  log2  5  >  3 
B  >  3 

.*.  Three  bits  will  be  required  say  ABC. 

a  =  001 
b  =  010 
c  =  Oil 
d  =  100 
c  =  101 


1  •:  *  U  ! 
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- rc^r  excitation  tabic  of  RSFF  and  wc  gel  excitation  table  for  state  table  as  follows  : 


Pr 

esent  state 

Input 

. . *  "  w  ov  1 

Next  State 

V.XV.U(UlVil  Ull'lV  IVJ 

Klin-Ho 

'jiv*  iciuiv  .n  . 

p  inputs 

Output 

A 

B 

i  c 

\ 

A 

B 

c 

SA 

RA 

SB 

RB 

sc 

RC 

V 

0 

0 

> 

0 

0 

0 

1 

0 

X 

0 

X 

X 

n 

0  ~ 

0 

0 

1 

1 

0 

1 

0 

0 

X 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

0 

X 

X 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

X 

0 

0 

t  0 

1 

1 

0 

0 

0 

1 

0 

X 

0 

1 

X 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

0 

1  I 

0 

0 

0 

1 

n 

1 

X 

0 

0 

X 

1 

0 

0 

1  1 

0 

0 

1 

1 

0 

0 

X 

0 

0 

X 

0 

X 

1 

J  1 

0 

1 

0 

0 

0 

1 

0 

1 

0 

X 

X 

0 

0 

1  1 

0 

1 

1 

1 

0 

0 

X 

0 

0 

-JL. 

0 

1 

1 

(4)  K-riap? 


x 

SA  =  Bx 


\  c* 
V  “ 

01 

11 

10 

A3 

00 

X 

0 

2 

(* 

ill! 

1 

3 

01 

X 

0 

0 

0 

5 

7 

6 

1 1 

X 

X 

X 

X 

12 

13 

15 

M 

s°  | 

0 

0 

0 

0 

l 

8 

9 

11 

10 

SB  =  AE  x 


\ 

Cx 

00 

01 

11 

10 

AB 

X'C'N 

00 

X 

X 

X 

X 

0 

i 

3 

2 

01 

X 

0 

0 

X 

4 

5 

7 

6 

11 

X 

X 

X 

X 

12 

13 

15 

14 

10 

0 

0 

0 

ii 

8 

9 

11 

10 

RA  =  Cx 
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gn  ri  synchronous  JK  flip  flop  circuit  having  one  input  and  on**  output  The  circuit  outputs 
^  '  w^enover  three  consecutive  1’s  are  observed  Otherwise  output  will  be  'O' 

(I)  L  r  ^  11X11,1  s^ouid  sense  1  consecutive  I's  only  and  provide  high  output 

Trom  '  initial  condi tion/RE SET  condition  is  state  q0  If  first,  logic  1  is  present  slate  will  change 
will  IO  ^  1  ^°r  logical  1.  it  will  change  from  state  q,  to  q2  Now  for  third  logical  1.  it 

ain  in  q2  only  output  will  be  high  The  same  is  shown  in  Fig  1112  (a) 

RESET 


1/1 


nn  ™CrC  °|)%  lous  question  you  may  ask  what  if  in  any  state  you  get  input  as  'O',  not  a  logical  1  The 
ts  i  in  any  state  you  get  logical  switch  over  to  q,,  state  The  same  is  depicted  in 
Fi g  Ex.  1 1.12(b). 

(2)  Let  us  draw  state  table. 


Present 

state 


(3)  Number  of  states  are  three,  i.e.  q0.  q  j  and  q2 


X 

Present  input  x 

q 

0 

1 

Qo 

O 

c r 

q  i- () 

qi 

Ho-  0 

q2.  0 

02 

Qo-  0 

1 

S  =  3 
B  >  log2  S 

>  log2  3 

>  2 

We  require  2  binary  bits. 

(4)  Now  assign  binary  value  to  state. 
q0  =  00 
q,  =01 

q2  =  11 


|  Output  states  y jV2 


Transition  table  will  be 


Present 

state 


X 

Present  input  x 

^(AU) 

0 

1 

1 

00 

(K).  0 

01.  0 

01 

00.  0 

11,  0 

11 

00.  0 

11J_ _ 

(5)  Now  let  us  draw  state  table  in  different  manner. 
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Ex.  13  :  Design 
follows 
.  .  1010 

Soln.  : 


a  sequential  circuit  using  Mealy  machine  to  detect  an  overlapping  sequence  as 


( 1 )  Ox  crlapping  sequence  means  suppose  we  have 
J  0  1  0  1  0 


T 


- ►  over  lapped 

1  0  1  0  -*  cue  sequence 

10  oi  previous  a..d  10  uf  '  '"•nbinclv  gi\?:  ’.OiD  \s  new  socucnce 


(2)  Let's  say  we  have  initially  state  q0  at  RESET.  If  we  get  T.  new  state  will  be  q After  that  if  we  get 
'O',  new  state  will  be  q2.  Now  if  we  get  T,  we  have  new  state  q3.  therefore  till  this  point  we  have 
received  101.  Now  if  we  get  'O'  we  will  switch  over  to  state  q2,  because  we  want  overlapping  sequence 
output  also.  The  same  is  depicted  in  Fig.  Ex.  11.13(a). 


/.  After  q 3  if  we  get  0 1 .  It  will  toggle  between  q3  and  q 2  only 

Now  let's  think  about  case  other  than  that  shown  in  Fig.  11.13  (a).  Cases  are  as  follows 

(1)  Present  state  q0.  If  we  receive  'O'  input,  w  e  Lake  next  stale  as  q0  onl> .  because  we  don't  want 

to  proceed  till  we  gel  logical  T. 

(2)  Present  state  is  q  j ,  and  we  receive  logical  1  input  We  can  think  of  next  state  as  qj  only. 

because  from  this  point  if  we  continue  still  w  e  can  trace  sequence  1010 

(3)  Present  slate  is  q2,  and  we  receive  logical  'O',  then  next  state  is  q„.  This  is  but  obuous 

because  till  q2.  we  received  input  as  T  and  'O',  now  start  from  scratch 

(4)  Present  state  q3.  and  wc  get  logical  1 
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These  .,11  ,f-  -  1  sun  think  of  as  q  (  cause  wc  start  from  again  first  T  of  |0)n 

( '(  •  >»  fotnim  >vc  £;:,:°:idcrcd  ;1,K|  r,nal  sta,c  diaSram  IS  Shown  n.  Fig  Ex  1 1  11(b) 

run  e  4  slate  \VC  require  -  bits  lo  represent  the  state 

Mo  IK) 

Ml  =  01 

q2  =  io 

•  c.  Or  =  11 

Mate  table  will  be 

x  ‘  Present  input  x 

r  _ I  0 _ 1 _ I 

%  I  q0-  0  q  J.  0 
Present  J  q,  q2.  0  q,.0 

SUltC  ^2  j  q0-  1  q  v  0 

c  x  _ ^3  I  q2-  1  q,.  0 


St.itc  table  w ith  binary  state  assigned 


Present 

state 


X 

AB 

Present  input  x 

0  1 

00 

00.  0 

01.  0 

01 

10.  0 

01.  0 

10 

00.  0 

11.  0 

11 

10.  1 

01.  0 

o  wan  amerent  lor 

follows.  We  are  using  JK  FF  for  designing. 

Inputs  of  Combinational 
Logic 


Present  state 


Input 

x 

0 

1 


Next  state 


Output  of 

Combinational  Circuit 
Flip-flop  inputs 


Output 

v 


0 

I 


\  4  \  0  \ 

Scanned  by  CamScanner 


t  t  \  .J. 


i. 


.PatoHpa*  Deslgn  4  App„ca,l0„s  1M1 

Sol,,'4  '  D°!'9n  S,'qu0”"a'  “'<«  1«l«ll"a  nnd  ov„l.pp,„g  scq„„nce 
^  Draw  stale  diagram 


Analysis  and  Synthesis 
1 101  Use  JK  flip-flop 


0/0 


(2) 


(3) 


Fig.  11.14(a) 


Stiitc  tabic  lor  the  same. 


* 


Present 

stale 


\  X 

ab\ 

Present 

0 

input  \ 

1 

q« 

q0.O 

q,.() 

4l 

q0.  0 

q2.  0 

q  2 

q.v () 

q  i>  o 

q.i 

q0.  0 

q  i  -  b 

Total  slates  arc  four  therefore  number  of  bits  required  will  be  two.  Therefore  Flip-flop  used  will 
be  2. 


Assign  binary’  value  to  slate. 

<lo  =  ()()-  q  i  =01.  q2  =  10.  q3  =  1 1 
Stale  table  will  be 


Present 

state 


N.  X 

AB\ 

Present  input  x 

0  1 

00 

00.  0 

01.  0 

01 

00.0 

10.0 

10 

11,0 

01.0 

11 

00.0 

01.1 

f 

I 

i 

p 

| 

* 

1 

I 

i 


(4)  Rcxncinbcr  transition  table  for  JK  FF  and  redraw  the  table  we  have. 


Inputs  of 

Combinational  Logic 

Output  of 

Combinational  Circuit 

Output 

y 

Present  state 

Input 

Next  state 

Flip-flop  inputs 

A 

_ ® _ 

X 

A 

B 

KA 

JB  | 

KB 

0 

0 

0 

0 

0 

X 

0 

X 

0 

imm 

0 

1 

0 

1 

0 

X 

1 

| 

X 

o 

0 

1 

0 

0 

0 

0 

X 

X 

1 

0 

0 

1 

1 

1 

0 

1 

X 

X 

1 

0 

l 

0 

0 

1 

1 

o 

1 

1 

X 

0 

l 

0 

1 

0 

1 

Bfl 

I 

1 

X 

0 

i 

1 

0 

0 

0 

1 

X 

1 

I 

0 

l 

I 

1 

0 

1 

S3 

X 

0 

,1  - 

1 

*  ?  3  T  * 
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es'9n  3  Clrcuit  t0  generate  the  output  waveform 

Input  - 1  1 — I  I _ 1  1 _ 

Output  _n _ tl 


Analysis  and  Synthesis 


as  shown  in  Fig  Ex  11  15(a) 


Fig.  Ex.  11.15(a) 


1 


Soin.  : 


'is 


l0 

% 


qi 


l2 

^2 


l3 

^3 


t. 


t= 


*6 

^2 


->Time  internal 


%  T 

Fig.  Ex.  11.15(b) 


q3 


(1)  First  job  wc  have  to  do  is  with  respect  to  input,  find  out  what  will  be  an  output.  For  that  one  has 
to  record  the  instant  where  input  change.  When  input  changes  at  that  instant  what  was  output,  the  same 
should  be  taken  into  account.  Fig.  Ex.  1 1.15(b)  shows  graphical  presentation  of  the  same. 

The  output  sequence  is  01000100  with  input  sequence  0101010101  ...  .  If  we  observe  the  output 
sequence  we  get  0100  0 1 00 


.-.  sequence  actually  is  '0100'. 

(2)  Now  we  will  draw  state  diagram.  Let  us  say  initial 
state  is  q0.  Refer  Fig.  Ex.  1 1.15(b)  i.e.  waveform.  If  input  =  0, 
output  =  0  and  state  is  q0.  But  if  input  =  1,  output  changes  to 
1  and  state  changes  to  q  j . 

1/1 

Qo - >ch 

Now  when  circuit  is  in  q,  state  and  input  -  1  we  get 
output  =  1  and  state  is  q,  only.  But  if  input  =  0  output  is  also 
'O'  and  state  changes  to  q2.  This  way  you  proceed  lor  q2  to  q3 
and  q3  to  q0,  therefore,  finally  we  get  state  diagram  as  shown 

in  Fig.  Ex.  11.15(c). 

(3)  Let  us  draw'  state  table. 


Present 

state 


X 

Present  Input  x 

AB 

0 

1  J 

Qo 

Qo-  0 

Qi-  1 

Qi 

q2’° 

Qi-0 

Q2 

Q2-  0 

q3,  0 

Q3 

Qo-  1 

q3, 0  j 

(4)  Total  number  of  stales  ate  four  i.c.  qo  t0  ^3 


}: '  I  DShvL 
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I  licrcforc  now  assign  binnrv  value  lo  the  stale 
q0  <K) 

q,  01 

q2  1» 


\Bx 

a\  00  01  11  10 


o 

O 

© 

1 

0 

3 

0 

2 

0 

4 

0 

5 

0 

7 

© 

6 

y=A5x+ABx 
Fit*.  Fx.  1  l.lfDh 
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Ex.  16  :  Fig.  Ex.  11.16(a)  layout  of  traffic  light  controller 


Our  target  is  to  design  a  digital  system,  which  will  control  traffic  light  This  traffic  controller 
(TC)  is  placed  at  intersection  of  two  streets.  Th-e  main  job  is  to  switch  the  lights  ON  and  OFF 
in  a  sequence  that  responds  to  the  flow  of  vehicles  and  pedestrians  We  take  single  example 
where  NS  street  intersects  EW  street.  Function  of  TC  is  defined  as  follows 

(1)  Whenever  pedestrian  want  to  cross  the  road  he/she  press  Walk  button. 

(2)  When  no  pedestrian  is  present,  lights  allow  NS  traffic  to  flow  for  one  minute.  Means  NS- 
green  and  EX-Red. 

(3)  After  that  TC  light  changes  automatically  to  allow  EW  traffic. to  flow  for  one  minute 
EW-green,  NS-Red. 

(4)  Thus  green  light  alternate  between  NS  and  EW  direction,  at  one  minute  interval. 

(5)  If  'walk'  button  is  pressed,  all  the  lights  turned  to  Red,  allowing  pedestrian  to  walk  for  one 


minute. 

No  yellow  light  is  considered. 


Fig.  Ex.  11.16(a) 
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rirsil)  we  w ill  analy se  the  problem  and  ii  possible  give  some  binary  value  to  any  particular 
case. 

(9)  1  'CI  "s  rcP,cscm  pedestrian  button  by  single  variable  x. 

x  ~  *  Pedestrian  has  pressed 

x  =  ()  -  No  pedestrians 
tb)  (  ircuit  will  tiave  (wo  outputs 


zi  ~  Mak«e  light  green  in  NS  OR  Red  in  EW. 
*2  «  Make  light  Red  in  NS  OR  green  in  EW. 


All  red  colour  situation  means  z,  -7^  =  0. 

(c)  Lastly  the  important  point  is  limn.  We  want  to  keep  lights  ON/OFF  for  1  minute.  The 
solution  is.  use  clock  whose  period  is  of  I  minute. 

(2)  State  Assignment  :  Now  we  have  to  think  of  slates  in  this  problem. 

Just  bv  going  through  the  problem,  you  can  say  that,  we  have  following  number  of  stales 

(1)  (Jo  — >  Green  in  NS  and  red  in  EW. 

(2)  fj ,  ->  Green  in  EW  and  red  in  NS 

(3)  fj 2  Red  in  both.  i.c.  EW  and  NS 

J  iicsc  Ihrcc  stales  determine  the  output  signals  /.,  and  z2.  Stale  diagram  is  shown  in 
Fig.  Ex  I  i  lo(b). 


-V 


x  =  0 


EW  green 
NS  ted 


The  drawn  state  diagram  is  functionally  correct.  Only  important  point  is  : 

(1)  When  q 2  state  is  present  and  x  =  0  (i.c.  no  pedestrian)  then  next  state  we  prefer  is  q(). 

This  becomes  bit  unfair  for  vehicular  traffic  froin  EW.  Both  the  direction  should  have 
equal  opportunity  for  'Red'  as  well  as  'Green'  light. 

(2)  Secondly,  if  number  of  pedestrians  arc  more  and  each  presses  'walk'  button  for  long 

amount  of  time  only  pedestrian  gets  chance,  vehicles  will  be  standstill.  To  avoid  these 
problem  we  draw  next  stale  diagram,  which  is  as  follows :  ^ 

As  shown  in  Fig.  Ex.  1 1.16(c)  if  stale  is  q0  and  x  =  1,  the  next  state  will  be  qp  i.c. 
lights  will  be  red.  After  that  if  x  =  0  or  l,  after  1  minute  it  will  switch  over  to  state  q,. 
Therefore  Ex.  16  of  point  ( 1 )  is  solved,  i.c.  after  q0  switch  to  q , 

Satncway  if  present  slate  is  q^  and  x  =  1,  next  .state  will  be  q3.  After  q?,  x  =  0  or  1, 
after  exactly  one  minute  it  will  switch  over  to  state  q0. 


. -  r  •  •  nut!  w  n  y 

Scanned  by  CamScanner 


Digrtol  Logic  Design  &  Applications 


1  I  A7 


An  jlysi?  and  Syotbe&i 


.State  q0  and  q  j  ghes  equal  ucightaizc 

x  -  0 


Fig.  Ex.  11.16(c) 


(3)  Next  job  is  to  prepare  state  table. 


-Present 

state 


>: 

Present  input  x 

Present 

AB 

0 

1 

output  /  ^y-2 

4o 

4 1 

42 

01 

4i 

4o 

43 

10 

42 

4  i 

4 1 

00 

43  1 

4o 

4o 

00 _ 

Simply  assign  binary  value  to  states.  Total  number  of  states  arc  four,  therefore  we  require 
two  bits. 

q0  =  00,  q,  =01.  q2  =  10.  q3=11 


(4) 


Present 

stale 


1 


c  Jin  uu icii  > 

X 

Present  Input  x 

Present  output  J 

AB 

0 

1 

/[/'2 

00 

01 

10 

01 

01 

00 

11 

10 

10 

01 

01 

00 

11 

00 

00 

00 

(5)  We  are  going  to  design  this  circuit  using  D  FF.  Therefore  rearranging  state  table  we  get. 


Inputs  of 

Combinational  Logic 

Output  of 

Combinational  Circuit 

Present  state 

1  Input 

Next  state 

Flip-flop  Inputs 

Outputs 

A 

B 

X 

A 

B 

DA 

DB 

|  z2 

0 

0 

U 

0 

1 

0 

1 

0  j  1 

0 

0 

1 

1 

0 

1 

0 

0  |  1 

0 

1 

0 

0 

0 

0 

0 

i  ;  o 

0 

1 

1 

1 

1 

1 

1 

l  i  o 

1 

0  1 

0 

0 

1 

0 

1 

0  1  0 

I 

0 

1 

0 

1 

0 

1 

0  |  0 

1 

I 

0 

0 

0 

0 

0 

0  1  0 

*  1 

1 

1 

0 

0 

0 

0 

o  1  0 

_ 
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Fig.  Ex.  11.16(e) 


11.7  Design  of  Counters  : _ 

This  you  have  alread)  studied  in  Chapter  9.  Counter  is  basically  Moore  circuit 

1 1 .7(A)  Design  with  State  Equation  (States) : _ _ 

We  can  also  design  sequential  circuit  using  state  equation  State  equation  is  nothing  but  an  algebraic 
equation  that  gives  the  conditions  for  the  next  state  as  a  function  of  present  state  and  input  variables 
Information  given  in  state  table  is  given  in.  expression  form  by  state  equation 

_ _ _  ..  ^  .  «  -  «  -  —  ”  ’*■*  “■ 
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cas>  »o  derne  expression  fro,  C",Cnt  "  hcn  ,hc  c,rc»'<  already  spcc.ficd  in  that  form  »nH  ..  «  in¬ 
convenient  Sometim  •  111  ',C  ,ab  c  ^"c  use  D  FF  thi<*  .ncutoa  is  preferred  This  method  is 

involves  considerable  *  "L  ^  !-K  FF  App,vin.e  ,hls  Pr°ccdurc  for  circuit  containing  RS  and  T  Hip  Hop. 

D  FF  design  •  ani°,ml  °*  algebraic  manipulation  First  we  will  see.  designing  using  D  FF 

TIk  baste  characteristic  equation  for  D  FF  can  be  given  as. 

_  0  ( n  ^  | )  =  p 

^  Next  state  Input 

vajuc  ,r  *  CX*  Sl  ,tC  °*  ^'p  ^°P  ls  C(lual  to  present  value  of  D  input  and  is  independent  of  the 

of  D  inputs'^'11  S,n,C  ^  niCanS  lhnt  Cn,nCS  f°r  tlK  ,1CXt  S,atC  in  statc  lablc  arc  cxactl>'  same  as  that 

Take  oik  simple  example  if  given  is. 

A  =  I  (2.  4.  5.  6)  =  DA  (A.  B.  x) 

B  =  ^  (1-  -T  5.  6)  =  DB  (A.  B.  x) 

'"  here  A  and  B  arc  FF  outputs.  DA  and  DB  arc  flip  flop  input  function.  If  we  draw  K  map.  we 

DA  =  AB  +  Bx 
DB  =  AB  +  Bx  +  ABx 

JK  FF  design  : 

The  characteristic  equation  for  JK  FF  is  given  by, 

Q(n+  1)  =  JQ  +  KQ 

Next  state  i _  i 

Previous  state  output 

To  get  method  of  design  we  will  take  one  example. 

Suppose  a  sequential  circuit  with  JK  flip  flops  has  to  satisfy  following  statc  equations  : 

A  (n  +  1)  =  ABCD  +  ABC  +  ACD  +  ACD 

B  (n+  1)  =  AC  +  CD  +  ABC 
C(n+  1)  =  B  .  _ 

•  .'  J '  •  r .  •  li«fi  ;■  [. 

D  (n  +  1)  =  6 

The  input  function  for  flip  flop  can  be  derived  by  following  method  : 

Arrange  the  state  equation  and  match  it  with  characteristic  equation. 

Suppose  we  want  input  function  for  flip  flop  A,  somehow  manage  to  get  form  as  JA  +  K.A  (For 
moment  treat  J  and  K  as  simple  variable). 

A  (n  +  1)  =  ABCD  +  ABC  +  ACD  +  ACD 

=  (BCD  +  BC)  •  A  +  (CD  +  CD)  A  ’ 

=  (JA>  A  +  (KA)  A 

JA  =  BCD  +  BC 
Ka  =  CD  +  CD 


•  * 

Same  way  for  B  (n  +  1), 


K, 


=  CD  +  CD  =  CD  +  CD 
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bU‘T  *>  ~  ap  +  CD  +  ABC 

=  (AC  +  CD)  +  (AC)  B 

=  (AC  +  CD)  (B  +  R)  +  (AC)  B  J 

=  (AC  +  CD)  B  +  (AC  +  AC  +  CD)  B 

=  b  +  kbb 

JB  =  AC  +  CD 
Kb  =  (AC  +  AC  +  CD) 

KB  =  (AC  +  AC  +  CD) 

Kb  =  AC  +  AD 
C  (n+  1)  =  B 

=»  B  (C  +  C)  =  BC  +  BC 

=  JcC  +  KcC 
Jc  =  B 

Kc  =  B 

Kc  =  B 

D  (n  +  1)  =  D  =  1-D  +  0-  D  =  JdD  + 

JD  =  KD  =  1  =  vcc 


11.8  Multi-input  Synchronous  Sequential  Circuit  Design  : _ 

We  have  studied  sequential  synchronous  circuit  for  designing  application  oriented  circuit,  counters  etc. 
One  important  point  is,  uptill  now  we  have  taken  single  input  line  into  account.  Now  in  this  section  we 
will  take  more  number  of  input  lines,  because  sequential  circuits  are  normally  designed  to  work  as 
controller  for  large  systems,  hence  these  systems  are  sometimes  called  as  controller  system.  In  this  section, 
we  will  study  the  design  procedure  for  small  system  controllers.  Let's  solve  some  examples. 

Ex.  17  :  Design  a  controlled  counter  which  has  two  inputs  x1  and  x2.  The  counter  must  count  in 


following  manner : 


X1 

x2 

States  of  counter 

0 

0 

3,  2,  1,  0 

0 

1 

2,  0 

1 

0 

1,2  ; 

1 

1 

0,  1 
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Di.igrominntically  circuit  can  be  represented  in  block  schematic  as  follows  : 
Clock 

il  J 


Analysis  and  Sy nthesi j 


External  ,  _ 
input  |  x2 


Counter 

(  Sequential  circuit ) 


-  Output 


x,x2  =  00 

— 

=  01 

— 

x,x2  =  10 

xtx2  =  1 1 

3. 


rig.  isx.  ij.i  /(D) 

Non  observe  given  table  carefully  and  concentrate  on  input  and  required  sequence.  Dependin 
upon  that  draw  state  table.  The  same  is  shown  in  Fig.  Ex.  1 1.17(b). 

We  are  going  to  use  D  flip  flop.  Therefore  now  draw  modified  state  table,  consists  of  prcsci 
state,  present  input,  next  state  and  flio  floD  innuts 


Xj  x2  =  00 


XjX2  =  01 


XjX2  =  10 


XjX2  =  11 


Present  inputs 

Present  state 

Next  State 

Flip  flop 

_ 

in  nuts 

1  Xl 

*2 

A 

B 

A 

B 

DA 

DB 

1  ° 

0 

o 

0 

1 

1 

1 

1  i 

1  ° 

0 

!  o 

1 

0 

0 

.0 

o 

0 

0 

1 

0 

0 

1 

0 

1 

^  0 
r 

0 

1 

1 

1 

0 

1 

0  j 

■  ° 

1 

1  0 

0 

.1 

0 

1 

0 

0 

1 

0 

1 

X 

X 

X 

X 

0 

1 

1 

0 

0 

0 

0 

o 

^  0 

c  1 

1 

1 

1 

X 

X 

-  X 

X 

1 

0 

0 

0 

X 

X 

X 

X 

1 

0 

0 

1 

1 

0 

1 

0 

1 

°’ 

1 

0 

0 

1 

0 

1 

;  1 

o  ! 

1 

1 

X 

X 

X 

■X 

1 

l 

0 

0 

0 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

0 

1 

l 

1 

0  . 

X 

X 

X 

X 

1  1 

l  | 

1 

1  . 

X 

X 

X 

x  1 
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Ex.  18  :  Design  a  fault  detector  with  following  description  : 

A  fault  signal  'F*  activates  an  alarm  bell,  turns  green  light  OFF  and  red  light  ON.  The  operator 
turns  OFF  the  bell  by  pressing  an  acknowledge  switch  'A'.  When  fault  clears  itself,  red  light 
turns  OFF,  green  light  turns  ON  and  the  bell  is  automatically  reactivated  to  attract  the 
operator's  attention.  The  bell  is  turned  OFF,  when  operator  presses  acknowledge  button.  Test 
button  T  is  used  to  test  the  circuit. 
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Soln.  : 

1  A nnh  sc  problem 
It  has  three  inputs  : 

-  Fault  signal  ’F’ 
Acknowledge  switch  'A' 

-  Test  button  T 
It  has  three  outputs  : 

Green  light  'G' 

Red  light  'R' 

-  Bell  'B' 


Analysis  and  Synthesis 


2  Let's  analyse  state  of  circuit,  one  by  one. 

(a)  Initially  consider  that  state  so,  where  green  light  is  ON  and  red  is  OFF,  as  well  as  bell  is 
OFF. 

S0  ->  G  =  1,  R  =  0,  B  =  0 

(b)  In  above  state  i.e.  S0,  if  we  receive  fault  signal  or  test  push  button,  green  light  will  be  OFF 
and  Red  light  will  be  ON,  with  bell  ON.  At  that  time  we  have  to  change  state,  say  S, 

Sj  ->  G  =  0,  R  =  B  =  1. 

(c)  Now  operator  will  press  button  'A'  (i.e.  acknowledge).  In  response  to  it.  bell  will  be  OFF 
Therefore  circuit  changes  state  to  S2.  In  S2  -»  G  =  0,  R  =  1,  B  =  0. 

(d)  Now  circuit  waits  for  fault  clear  condition.  When  fault  is  cleared,  circuit  sw  itches  to  state  S3 
and  outputs  S3  -»  G  =  1,  R  =  0,  B  =  1. 


Bell  is  activated. 

(e)  Again  circuit  will  expect  acknowledge  from  operator.  When  operator  acknowledge,  by 
pressing  button  'A',  bell  will  stop,  therefore  circuit  switches  to  S0  state  and  G  =  1 .  R  =  0, 


B  =  0. 

Refer  Fig.  Ex.  1 1. 18(a)  for  state  diagram. 


Fault  OR  Test  button 


Fig.  Ex.  11.18(a) 

3.  There  are  total  four  states  S0  =  (00)2,  Sj  =  (01)2,  ^  (10)2  and  S3  (U)j- 
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n  totality  \\c  ha\c  five  inputs,  i  c.  two  bits  for  present  state,  fault,  acknowledge  and  test  Three 
outputs  arc  three  G.  R  and  B  Five  inputs  provides  12  combination.  Drawing  the  same  becomes 
it  complicated  To  reduce  that  we  follow  bit  short-cut  method,  which  is  explained  as  follows 
ow  w  e  ha\  e  to  prepare  state  table  The  same  is  show  n  as  follow  s 


Present  state 


[ — 

>1 

— - - 

>2 

F 

A 

_ 

T 

Y, 

G 

R 

- < 

B 

m, 

0 

0 

1 

X 

0 

0 

1 

1 

0 

0 

m2 

0 

0 

0 

X 

1 

0 

1 

1 

0 

0 

m3 

0 

0 

1 

X 

1 

0 

1 

1 

0 

0 

m4 

0 

1 

X 

1 

X 

1 

0 

0 

1 

1 

m5 

1 

0 

0 

X 

X 

1 

1 

0 

1 

0 

m6 

1 

1 

X 

1 

X 

0 

0 

1 

0 

1 

-  in |  111^.  vjii  uij,  iii*>  auu  1113. 

00  then  if  F  or  T  either  signal  is  present  next  state  is  '01'.  Here  signal  'A'  is  don't  care.  F  and  T 
can  have  01,10  and  1 1  states.  Same  way  when  present  state  is  '01'.  then  only  acknowledge  A  is 
important.  F  and  T  are  considered  as  don't  care.  Same  way  you  go  on  filling  the  state  table. 

Next  state  Y ,  is  function  of  m4  and  m5. 


Y,  =  m4  +  m5  =  yty2  A  +  yty2F 
Same  way  write  equation  for  Y2,  G,  R  and  B. 

Y2  =  mj  +  m2  +  m3  +  m5 

=  yiy2  ft  +  yiy2  ft  +  yiy 2  ft  +  Yly2  f  r 

=  yiy2FT  +  y2F(y1 +y1T)+y1y2FT 
=  yiy2  F(T  +  T)  +y2F(y!  +T) 


=  yiy2F  +  y2Fy! +y2FT  =  y2  (y iF  +  ytF)  +  y2FT 
G  =  nij  +  m2  +  m3  + 

=  y  jy2  (FT  +  FT  +  FT)  +  y{y2  A 

=  yiy2  (T  +  FT)  +  yjy2  A  =  ylY2  (T  +  F)  +  yiy2  A 
R  =  m4  +  m5  =  Yj 

B  =  m4  +  m6  =  yjy2  A  +  y,y2  A 

=  y2  A  (y  i  yi)  =y2 A 

From  boolean  expression  draw  logic  diagram. 


Ex.  19  :  Design  a  sequential  circuit  which  unlocks  when  three  specified  keys  on  the  keyboard  are  * 
activated  in  sequence.  If  the  wrong  key  is  pressed  at  any  time,  the  buzzer  is  turned  on 
Activating  key  in  correct  sequence  when  the  buzzer  is  on,  will  turn  off  the  buzzer  and  unlock 
the  door,  this  allows  circuit  to  accommodate  genuine  mistake. 

Soln. :  Let's  first  draw  block  schematic  of  the  system. 
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W 
X 
Y 

Z  - i 

+ 

[Z  =  1 .  when 
a  Key  other  than 
W.  X.  Y  is  pressed] 


-►  Buzzer 


Sequential 
circuit  for 
electronic  lock 


— ►  d  [d  =  1  Unlock  door] 


743 


To 

[D  =  1 ,  when  door  is 
open  circuit  reset] 

Fig.  Ex.  11.19(a) 

^  c  "  consider  tliat  sequence  has  to  be  W.  X  and  Y.  This  sequence  is  proper. 

Z  is  a  signal  which  is  generated  when  key  other  than  W.  X  and  Y  is  pressed. 

D  is  generated  when  door  is  open.  It  resets  the  circuit. 

Buzzer  is  for  enabling/disabling  buzzer. 

"  c  "dl  assume  initial  condition  to  be.  door  is  closed  and  buzzer  is  OFF.  circuit  is  in  S0  state. 


2  Let  s  draw  state  diagram  for  the  same. 


2.  If  input  is  W.  state  changes  from  S0  to  S1?  else  it  will  change  to  S4.  If  state  Slt  b  =  d  =  0. 
But  if  state  is  S4.  b  =  1.  d  =  0. 


3  In  state  S.,  if  input  is  x,  next  state  will  be  S2,  else  next  state  will  be  S4.  If  next  state  is 

S2.  b  =  d  =  0. 

4  In  state  S2,  if  input  is  y,  next  state  will  S3  and  in  that  state  as  proper  sequence  is  generated 
d  =  1  and  b  =  0.  If  key  other  than  y  is  pressed  next  state  w  ill  be  S4. 

Now  door  is  open,  therefore  signal  D  will  be  generated  and  it  w  ill  reset  the  full  circuit. 

In  stale  S3,  if  we  gel  key  depression,  next  stale  will  be  S4. 

5.  Finally  when  slate  is  S4  and  W  i.e.  first  correct  key  is  pressed,  next  state  will  be  Sj.  This  is 
nothing  but  accommodating  genuine  mistake.  But  if  key  other  than  W  is  pressed,  it  will  be 
state  S4. 


r  i 
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Analvsi*;  anH  Sunil,.,;. 

3 .  Now  Ic 

t's  draw  state  table. 

Present  input  (This  checks  only  for  true  condition) 

r 

\V 

X 

Y 

z 

So 

s,.  0. 0, 0 

s4. 0.  1.0 

s4. 0.  1.  0 

s4. 0.  1.0 

Presents 

s, 

s4. 0.  1,0 

s2. 0.  0.  0 

s4, 0.  1.  0 

s4. 0.  1.0 

state 

s2 

s4. 0.  1.  0 

s4. 0.  1.  0 

S3.  1, 0,  l 

s4. 0.  1.  0 

N 

S3 

s4. 0.  1.  0 

s4. 0,  1.  0 

s4. 0.  1.  0 

s4, 0.  1.  0 

S4 

s4. 0.  0.  0 

s4. 0.  1,  0 

s4, 0.  1.  0 

s4. 0.  1.  0 

T  T  T 


state  d  b  •  i< 

i  S0  =  000 
Sj  =  001 
S2  =  010 
s3  =011 
S4  =  100 


State  table  will  be 


Present  state 

Inputs 

Next  state 

Output 

.'3 

y2 

'  yi 

w 

X 

y 

z 

*3 

Y2 

Yt 

a 

b 

D 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

-  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

1 

0 

0 

0 

1 

0 

0 

"0 

0 

0  - 

X 

1 

X 

1 

0 

0 

0 

1 

0 

0 

•• 

0 

V,.  0 

Q 

X 

X 

1 

1 

0 

0 

0 

1 

0 

0 

0 

1 

b 

1 

0 

.0 

/  0 

1 

0 

0 

'0 

0 

0 

0  1 

1 

1 

*"  0 

X 

X 

1 

0 

0 

0 

1 

0 

0 

0 

1 

X 

0 

1 

X 

1 

0 

0 

0 

1 

0 

0 

0 

1 

X 

0 

X 

1 

1 

0 

0 

0 

1 

0 

0 
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Now  as  we  have  done  in  previous  example  write  equation  for  a,  b  and  D. 

I  Here  input  variables  are  4  and  state  is  3  bit,  so  7  bit  K  map  is  difficult  to  draw. 

Conclusion  :  We  have  observed  that  for  multiple  input  sequential  circuit  design  we  get  5, 6,  7  or  more 
variable  K  map.  Therefore  design  procedure  is  bit  complicated.  To  write  state  table  is 
also  complicated.  Therefore  we  take  help  of  ASM  (Algorithmic  state  machine)  charts. 
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1 1  -9 .  Exam  pies  from  University  Pap  e  rs 


j  •  For  a  synchronous  counter  with  a  sequence  0,  2,  7,  5,  3,  o 
U)  Set  up  the  present  state/next  state  table. 

00  S"  "ac,io"  ,al”c  f»r  «"e  input,  „f  flip-flops  a„umi„2  D-„pc  '  MarkS) 

(0  Construct  K-map,  f„r  ,he  citation  input,,  , imp, if,  and  realise  the  ctun^'  ' 

An,.?  "  'hC  C°Un'Cr  tmm  °f  'hC  U"USCd  S'a,eS  "ha'  wlB  haI’Pcn  ?  (May  K.  4  Mar^ 

*  7  T”  "P—  7  N  « 

invalid  sues,  in  above  "  W'  *«  -  * 


0-^2_7_>5_>3->) 

StCP  2  :  WC  lUVC  10  wrilc  cxcitation  ^ble  for  inputs  of  flip-flops  using  D-flip-flop. 
Excitation  table : 


Present  St 

ate 

D  inputs 

Next  State 

{hn 

Qln 

Q(hi 

d2 

D, 

Do 

Q211+1 

Qi„+i 

vni»+i 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

i 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

l 

0 

0 

0 

0 

0 

0 

1 

0 

0 

X 

X 

X 

X 

X 

X 

I 

0 

I 

0 

I 

1 

0 

1 

1 

I 

I 

0 

X 

X 

X 

X 

X 

X 

1  J 

I 

I 

1 

0 

1 

1 

0 

1 

Step  3  :  Now  using  Tabic  1  we  have  to  constmct  K-maps  for  inputs  of  flip-nop. 

K-map  for  D2  -  - 
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(d)  The  unused  stale  of  counter  are  I.  4.  6 


-^^lii^nlSynthes 


is 


or  not 


From  Table  2  if  counter  enters  into  any  unused 
valid  state 

The  diagram  of  bushing  is  as  follows  : 


state  it  will  not  go  to  lockout  condition.  It  returns  to 


2.  For  a  synchronous  counter  with  a  sequence  0,  1,  5,  6,  4,  2,  0. 

(i)  Set  up  present  state/next  state  table  (May  97,  Dec.  96, 3  Marks) 

(ii)  Set  up  excitation  tables  for  the  inputs  of  the  flip-flops  (assume  D  flip-flops). 

(May  97,  Dec.  96, 4  Marks) 

(ii*)  Construct  K-maps  for  the  excitation  inputs,  simplify  and  realise  the  counter. 

(May  97,  Dec.  96, 6  Marks) 

(iv)  If  the  counter  enters  any  of  the  unused  states  what  will  happen?  (May  97,  Dec.  96, 3  Marks) 
Ans.  : 

Step  1  :  The  counter  is  non-sequential.  Maximum  count  of  the  state  is  6. 

6  £  2m 


m  =  3 


No.  of  flip-flops  are  3. 

2m  =  N  =  23  =  8 
0-7  states. 

We  have  to  write  donl  care  for  invalid  states  In  above  example  inv  alid  states  are  3  are!  7. 


r 


6  4* 


3 


Step  2  :  We  have  to  write  excitation  table  for  inputs  of  flip-flops  using  D-flip-flop. 
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Ara'ys-s  a 


,~‘^s  j 


Fig.  Q.11.2 


Step  5  :  The  unused  states  of  counter  are  3  and  7. 

So  we  will  have  to  check  if  counter  enters  any  unused  state,  it  will  go  to  lockout  condition  or  not. 
We  will  check  this  from  circuit  diagram  of  above  sequence  counter. 


Decimal 

Previous  State 

Input  to  D  FF 

Next  State 

Qi 

Qi 

Qo 

®1 

Do 

Q211  +  1 

Qln+  1 

Qon  +  1 

3 

0 

l 

l 

1 

0 

0 

1 

0 

0 

7 

l 

i 

l 

1 

0 

0 

1 

0 

0 

Table  4 


From  Table  4,  if  counter  enters  any  unused  state  it  will  not  go  to  lockout  condition,  it  returns  to  valid 
tate. 

The  diagram  of  bushing  is  as  shown  below  : 


3.  For  a  synchronous  sequence  counter  with  sequence  0,  2,  6,  5, 3, 1,  0 
(a)  Set  up  present  state/next  state  table. 


(Dec.  97, 2  Marks) 
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Analysis  and  Synthesis 


(b)  Set  up  excitation  table  for  inputs  of  flip-flop  (assume  D-flip-flop  arc  used.) 

(Dec.  97, 5  Marks) 

(c)  Construct  K-maps  for  excitation  inputs  of  fli|>— flop,  simplify  and  realise  the  circuit. 

(Dee.  97, 6  Marks) 

(d)  If  the  counter  enters  any  unused  state  will  it  go  to  lockout  condition  ?(Dec.  97,  5  Marks) 

Ans.  : 

Step  1  :  The  counter  is  non-scqucntial.  Maximum  count  of  the  state  is  6. 

6  <  2m 
m  =  3 

Number  of  flip-flops  arc  3. 

We  have  to  write  don't  care  for  invalid  states.  In  above  example  invalid  states  are  4  and  7. 


3 — M 


Step  2  :  We  have  to  write  excitation  table  for  inputs  of  flip-flops  using  D-flip-flop. 
Excitation  table  : 


Step  3  :  Using  Table  5  we  have  to  constiuct  K-maps  for  inputs  of  D-type  flip-flop 

K-map  for  D2 


\'°°  S.50 

5,0„ 

QiQ0 

o,5 

0 

o2\ 

00 

01 

10 

ff20 

0 

0 

0 

i 

0 

i 

3 

2 

Q2  1 

X 

4 

0 

5 

X 

7 

si 

6 

I, 

I 
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Ana  lysis  and  Synthes. s 


Step  5  :  The  unused  states  of  counter  arc  4  and  7. 

So  we  will  have  to  check  if  counter  enters  anv  unused  state,  it  will  go  to  lockout  condition  or  not 

_ :i  i  .  i  ^ 


- - - - 

Decimal 

Previous  State 

Inputs  to  DFF 

. -i.  ■■  ■  - - - — J 

Next  State 

q2 

Qi 

Q« 

l>2 

D, 

*>o 

Q2n  +  I 

Qln+1 

Qon-1 

4 

1 

0 

0 

0 

1 

0 

0 

1 

7~i 

0 

7 

1 

l 

l 

0 

0 

1 

0 

0 

_ ! _ 1 

Table  6 


FromTablc  6,  if  counter  enters  any  unused  state  ;  it  will  not  go  to  LOCKOUT  condition.  It  returns  to 
valid  state. 

The  diagram  of  bushing  is  as  shown  below  : 


circuit  andSwritc',eaLCZ,f.  T'T8  '"°  J~K  ni'>“noP  »  sh»»"  ™  Kg-  Q.  11.4.  Analyse  the 
nle  equation  for  flip-flop  output  Q0  and  Q,  and  circuit  output  L.  Hence  derive  all 

possible  entries  of  present  state/nest  state  table  for  this  circuit  (June  99,  Dec.  98, 10  Marks) 
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.Analysis  and  Synthesis 

Anv  :  In  the  given  circuit  two  J  k  flip  flops  arc  shown  Input  to  first  flip-flop  is  X  and  Q,  and 

g'ven  to  J0  through  AND  gate  Input  to  second  flip  flop  is  Q,  and  Q0  which  is  given  to  J,  through  AND 
gate  Input  to  J |  is  inverted  and  given  to  Kj  K()  is  grounded 

Prevent  statc/ncxt  state  table  : 


Pre 

vent 

Stati 

dec 

I/P  to  JK  FF 

Next  State 

Dei 

XQ„ 

X 

Q, 

Qi 

Q„ 

Q„ 

im 

al 

k„  =  0 

|<5 

o 

II 

kl=.ll 

Qi+i 

Q,  +  , 

Q»  + 1 

Q(»  +  j 

im 

al 

Qi 

Q 

i 

D 

0 

0 

0 

0 

0 

I 

1 

0 

i 

0 

0 

0 

l 

1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

() 

D 

D 

B 

0 

2 

0 

0 

1 

0 

0 

1 

1 

0 

2 

0 

D 

D 

.1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

0 

H 

B 

B 

B 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

B 

1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

H 

B 

B 

D 

2 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

D 

D 

3 

I 

0 

0 

1 

1 

0 

0 

1 

B 

1 

Table  7 

State  diagram  : 

Either  x  =  0  or  1 

If  \  =  0.  the  states  of  counter  are  as  shown  in  state  diagram  below. 


(°> 


<i5— kjD 


If  x  =  1 .  the  suites  of  counter  arc  as  shown  in  state  diagram  below 


(£> 


□  □□ 
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array  logic.  Design  using 


ces.  Programmable  'cg:o  arrays  and  pr 
PAL.  field  programmable  gale  anay. 


J 


Name  of  the  Topic 

Section 

number 

Theory 

Problems 

•  PLA 

12.2 

s 

^  »  PAL 

12.3 

Comments 

•  Base  for  PLD  (Programmable  logic  devices) 

•  Need  of  present  day 


J 
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PAL  and  PLA 


availabl  f  Awn^  circuits  wc  may  require  to  implement  AND/OR/INV  circuits.  There  are  chips 
boolean^  °F  •  anc*  w^lcncvcr  y°ur  circuit  utilises  more  number  of  gates  and  complicated 

that  wf>  UI1C  10rLS'  hardware,  cost  increases.  The  normal  trend  we  follow  is  to  go  for  custom  IC  chip,  so 
Becaus  ^  niamta'n  secrccy-  But  in  this  case  the  affair  becomes  bit  costlier  if  IC  is  not  for  long  run. 
desii»ncC  ^  CUSt0ai  one  *las  to  bare  high  start  up  cost.  Considering  this  problem  and  to  aid 

IC  con/'11* USm^  c''cr  chips  and  built  complicated  network  IC  manufacturers  make  semicustom  chips  in 
interen/1110//1  a  ^asic  two  level  gate  network  w  ith  many  gates  is  produced  and  the  gates  can  be 

Pro  pm  nnCC]  f  A°n  aS  ^cs*rc^-  These  ICs  are  called  Programmable  logic  arrays  (PLAs)  and 

<  ina  e  rray  Logic  (PALs).  Basically  PAL  is  registered  trademark  of  Monolithic  Memories. 


— PLAjProgrammable  Logic  Array) : _ 

Basically  PLA  Consists  of 

(1)  AND  Matrix. 

(2)  OR  Matrix. 

Depending  upon  user's  requirement  connections  in  the  Matrix  are  FUSED. 
st  These  are  two  different  ways  of  manufacturing  PLA. 

Manufacturer  places  fused  connections  at  every  intersection  point  in  the  PLA  between  the  inputs 
and  the  AND  gates,  and  between  AND  and  OR  gates.  Thus  every  possible  connection  is  made 
when  the  PLA  is  manufactured  and  the  desired  connections  are  removed  by  blowing  the  fuses, 
nd  °^en  called  as  FPLA  (Field  Programmable  Logic  Array). 

I  .  Desired  connections  are  made  during  manufacturing.  Manufacturer  originally  makes  IC  array 
layout  so  that  any  desired  connections  can  be  made,  and  the  designer  informs  manufacturer  which 
connections  to  make  for  a  particular  design.  Manufacturer  creates  'mask',  which  provides  desired 
connections  when  layer  of  metalization  are  added  to  the  chip  during  manufacturer.  Setting  of  this 
mask  costs  for  less  than  designing  an  entire  new  chip  with  precise  logic  array  desired  by  logic 
designer. 

Firstly  we  will  study  layout  for  small  PLA. 


{  '3 


.*-4j 
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PAL  and  PLA 


The  PLA  array  has  three  AND  gates  and  two  OR  gates.  The  connections  from  inputs  A,  C  to  the 
AND  gales  arc  not  complete  and  that  the  AND  gate  outputs  are  not  connected  to  OR  gates.  The 
connections  arc  made  as  desired  by  gate  network  designer. 

Suppose  for  this  particular  PLA  we  want 

Output  1  =  ABC  +  AB 

Output  2  =  AB  +  B  C 

Then  circuit  will  be  as  shown  in  Fig.  12.2. 
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In  practice  we  have  larger  PLA  contain  several  hundred  gates.  Therefore  to  design  larger  arrays 
simplifying  symbology  is  used. 

Fig.  12.3  shows,  crosses  drawn  on  the  function  indicate  ANDs.  and  square  indicates  ORs  The  AND 
can  be  realised  by  single  diode,  the  OR  can  be  realised  by  diode  pointing  other  way.  In  practice, 
manufactures  lays  out  chip  with  diodes  at  every  intersection  of  the  lines,  and  only  desired  diode 
connections  arc  made.  Fig.  12.3  shows  example  of  Fig.  12.2. 

In  FPL  A  wc  can  also  program  active  level  of  each  output.  Programming  FPLA  consists  of 

(1)  Programming  AND  Matrix. 

(2)  Programming  OR  matrix. 

(3)  Programming  active  level  of  each  output. 

The  logic  of  m  x  p  x  n  FPLA  is  shown  in  Fig.  12.4. 

Whem  m  =  number  of  inputs 

p  =  number  of  product  terms, 
n  =  number  of  outputs. 

P  Product  terms  ANDs  together,  any  number  of  the  inputs  (either  active  HIGH  or  active  LOW). 

Product  term  is  not  required  to  be  function  of  all  inputs.  It  can  treat  any  number  of  inputs  as  don't  care 
inputs. 

Each  of  n  outputs  are  formed  by  ORing  together  any  number  of  (active  HIGH)  product  terms.  Finally 
we  can  select  whether  output  is  active  HIGH  or  active  LOW. 

Let's  see  if  we  make  m  x  p  x  n  matrix  how  many  fusible  links  we  require.  Here  we  normally  have  one 
fusible  link  to  set  active  level  of  o/p. 


Fig.  12.5  :  FPAL  82S100  and  82S101 
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w  I  l  1  -  (dash) 
NOTE  Enter  ^-Mor  unused 
inputs  of  used  P-terms 


16  X  46X8  FPL  A  PROGRAM  TABLE 

_  PROGRAM  TABLE  ENTRIES 

-INPUT  VARIABLE _ OUTPUT  FUNCT10N~~ 

n  I  fST  I  Don’t  Care  ProdTerm  Prod  Term  Not 
_ _ _  Present  in  Fp  Present  in  Fp 

~~  (dash)  A _  ‘(period) 

’for  unused  NOTES  l)Entries  independent  of 


NOTES  1)Entries  independent  of 
output  polarity  2)Enfer  A  for 
used  Outputs  of  used  P-terms 


_  PRODUCT  TERM 

. ,  —  INPUT  VARIABLE 

no  i  n  fil  iTTTTT 


1  'I 

1  0 


m 


^T" 3i~2i  "o" 


OUTPUT  ACTIVE  LEVEL 

Active  Active 
High  Low 

H  L 

NOTES  1)Polar/'ty  program 
med  once  only  2)Enter(H) 
for  all  used  outputs 

ACTIVE  LEVET 

-j-  J~J~ j_T_T  T  ~ 

OUTPUT  FUNCTION 

R T 


fJKlIlOlIfifl 


Fig.  12.6  :  Program  table  for  a  PLA 
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Output  fuses  =  n 

AND  Matrix  fuses  =  2  x  ni  x  p 

OR  Matrix  fuses  = _ p  x  n 

Total  =  n  +  2  nip  +  pn 

Ch,ps  and  Programming  methods  for  the  same  Fig.  12  5  shows.  FPLA  from 
Nineties  i.c.  82S100  and  82S101. 

c  ha\e  to  prepare  truth  table  to  specify  contents  of  FPLA.  The  same  is  shown  in  Fig  12  6 
We  will  use  signctics  programming  notation. 

1  Product  terms  H  =  Active  -  high  input 

L  =  Active  -  low  input 

input  ignored  (don't  care) 

Output  Functions  A  =  Product  term  included 

=  Product  term  ignored  (don't  care) 

Output  active  level  H  =  active  -  high  output 

L  =  active  -  low  output. 

W  c  will  take  same  previous  example  and  try  to  prepare  truth  table. 


2.  Output  Functions 
^  Output  active  level 


INPUT  VARIABLE 

Im  ffrT  Don’t  Care 

H _ L  -  (dash) 

NOTE  Enter<->for  unused 
inputs  of  used  P-terms 


16X45X8  FPLA  PROGRAM  TABLE 

PROGRAM  TABLE  ENTRIES 

LIABLE  OUTPUT  FUNCTION  OUTPUT  ACTIVE  LEVEL 

Don’t  Care  Prod*Term  I  Prod  Term  Not  Active  |  Active 
_ Present  in  Fp  Present  in  Fp  High  Low 

-  (dash)  _ A _ •(period)  H  L 

for  unused  NOTES  1) Entries  independent  of  NOTES  1)Po  arfty  program 
I  P-terms  output  polanty  2)Enter  A  for  med  once  only  2)Enter(H) 
used  Outputs  of  used  P-terms  for  all  used  outDuts 


—  - 

,  - 

BO! 

■Mini 

■■1 

9BMH 

_U 

Fig.  1 

2.7 

(1)  Tlie  logic  input  variables  are  identified  with  input  variable  number  0  to  15  on  the  table 
Let's  say  input  2  =  C 

input  1  *  B 
input  0  =  A 

(2)  We  are  interested  in  A  B  C.  AB  and  BC. 

The  Rule  is 

IF  AN  INPUT  IS  NOT  COMPLEMENTED,  'H*  IS  WRITTEN  IN  THE  TABLE  IF  THE  INPUT 
IS  TO  BE  COMPLEMENTED.  'L'  IS  WRITTEN.  IF  INPUT  NOT  USED.  IS  WRITTEN. 
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Wc  wish  to  form  ABC,  AB  and  BC.  So  to  form  ABC  we  will  write  L.  H  and  L  under  column  2, 

1  and  0. 

(3)  1  he  OR  gate  inputs  are  written  as  follows  If  an  AND  term  in  a  particular  row  is  to  be  used  in  an 
OR  output,  an  A  is  written  in  the  row.  IF  not.  a  is  written.  In  Fig.  12.7  OUrPUT  FUNCTION 
LINE  0  in  table  associated  with  output  1  and  OUTPUT  FUNCTION  LINE  l  corresponds  to 
output  2 

Output  1  =  ABC  +  AB 
Output  2  =  AB  +  BC. 

12.3  PAL  (Programmable  Array  Logic  ) : _ _ 

The  PAL  represents  another  alternative  to  PROMS.  This  device  was  introduced  by  Monolithic 
Memories.  The  PAL  differs  from  the  PROM  in  that  the  input  AND  gate  connections  are  programmable  in 
P AL,  whereas  the  output  OR  gate  connections  are  programmable  in  PROM.  This  difference  usually  results 
in  reduction  of  gate  count  in  PAL  compared  to  PROM  performing  same  function.  PAL  is  in  the  form  of 
standard  two  level  logic  circuit  for  evaluating  an  SOP  logical  expression.  Fig.  12.8  shows  logical  diagram 
of  small  PAL. 

Now’  let's  see  some  PAL's  available  in  the  market  and  are  famous. 

As  shown  all  chips  are  nothing  but  m  x  16  x  n  FPLAS. 
w  here,  m  =  number  of  inputs 

n  =  number  of  outputs 

Each  IC  is  packaged  in  300  mil  wide  DIP  package.  Their  totem  pole  output  provide  ease  of  use  and 
fast  access  time. 

In  PAL  numbers  are, 


PAL 

16 

H 

2 

PAL 

16 

L 

2 

PAL 

16 

C 

1 

PAL 

14 
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4 

PAL 

14 

L 

4 

T 

i 

1 

Inputs 

Active  Output  Level 

Output 

Let's  see  inside  of  PAL,  Fig  12. 10  shows  one  exmaple  PAL  structure. 
Let’s  analyse  the  connection  separately.  Refer  Fig.  12.11. 
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Fig.  12.11  :  Part  of  PAL  Circuit 

Fig.  12.1 1  shows  all  the  parts  labelled. 

(1)  It  lias  two  level  logic  circuit. 

(2)  Firstly  seven  32  input  AND  gates. 

(3)  Secondly  7  input  OR  gate. 

(4)  Programmable  connections  are  between  32  vertical  input  lines  and  horizontal  input  lines  to  AND 
gates. 

(5)  Each  horizontal  input  line  to  AND  gate  shows  32  actual  inputs  to  the  gate. 

(6)  Seven  AND  gates  are  permanently  connected  to  an  OR  gate. 

(7)  External  connection  to  circuit  are  indicated  by  pin  numbers  on  the  circuit  diagram.  The  circuit 
shows  only  of  the  input  and  its  driver. 

(8)  Driver  is  capable  enough  to  provide  high  as  well  as  low  assertion  level. 

(9)  O/p  i.e.  Pin  18  can  serve  as  an  i/p  and  also  as  an  output,  because  of  tristated  o/p  buffer. 

(10)  Enable  of  tristate  driver  is  controlled  by  top  AND  gate. 

(11)  If  top  AND  gate  enables  driver  pin  18  will  be  an  output  line.  But  if  AND  gate  disables  driver  pin 
1 8  can  function  as  an  input  line. 

(12)  If  you  observe  diagram  it  is  possible  to  have  internal  connection  of  an  output  as  an  input. 

(13)  Refer  Fig.  12.10. 

Pin  number  1  to  9  and  1 1  are  strictly  input  lines  (10  inputs). 

Pin  number  12  and  19  are  strictly  output  lines  (2  outputs). 

Pin  number  from  13  to  18  can  be  programmed 
as  an  input  or  an  output  (6  programmable). 

.-.  This  PAL  is 

PAL  \G_  L 

T  i 

Inputs  Output 

12.3.1  Pal  Programming  : 

The  way  we  have  truth  tabic  for  FPL  A,  we  linvc  truth  table  for  PAL.  Fig.  12.12  shows  one  example  of 
truth  table  for  PAL  10H8  and  PAL  10L8. 
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PAL  TABLE  NO _ 


CHECK 

ONE 

monolithic 

MEMORIES 
PART  NO. 

OUTPUT 
ACTIVE  LEVEL 

PAL  10HB 

H 

H 

H 

H 

H 

H 

H 

H 

PAL  10LB 

L 

L 

L 

L 

L 

*1 

L 

L 

As  seen,  outputs  and  output  levels  have  already  been  programmed.  We  have  to  simply  define  16 
product  term.  Normally,  PALs  arc  programmed  with  PAL  programmer.  One  can  have  two  types  of  PAL. 

(1)  In  some  PALs  all  programmable  connections  are  connected  with  fusible  links,  and  PAL 
programmer  burns  away  the  connections  not  desired.  Here  programming  is  permanent 

(2)  Some  PAL  also  supports  erasable  programming,  so  PAL  can  be  reused 

For  programming  PAL  we  have  to  simply  write  boolean  functions.  The  boolean  expressions  then 
converted  to  fusible  link  map  by  software  like  PALASM  or  PAL  20.  EXE.  We  have  to  wntc  boolean 
expression  in  any  editor  (NE,  SK,  TC  etc.).  To  understand  let's  take  one  examolc  of  3  line  to  8  line 
decoder  (74LSJ38)  using  PAL  1 6L8. 


Ex.  1  .*  Design  3  to  8  line  decoder  using  PAL  16L8 

Soln.  :  Let's  say  inputs  are  A,  B  and  C,  where  A  *  MSB  and  C  is  LSB.  Output  lines  arc  Y0,  Y,.  Y,,  Y>. 
Y 4,  Yv  Y6  Y7. 

Truth  table  is, 
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;  PALASM 
TITLE 
PATTERN 
Revision 
AUTHOR 
COMPANY 
DATE 
CHIP 

;  Pins  I 

A 

;  Pins  1 1 

NC 

Equations  : 
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12 

Y, 
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1 

1 

1 

1 

1 

1 
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Outputs 


Y3 


1 

1 

1 

0 

1 

1 

1 

1 


Design  Description 
3  line  to  8  line  decoder 
3-8  decoder 
A 

PALAN  N.  G. 
CUMMINS  COLLEGE 
7/7/2002 
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NC 
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NC 
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NC 

18 

Y, 
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NC 

19 
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II 
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/  A*  /B*  /C 
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As  seen  declaration  section  contains  information  about  document  design,  device  identification,  pin 
assignment  and  string  substitution.  Anything  after  semicolon  is  comment.  Initial  lines  arc  called  Design 
Header  because  each  line  starts  from  a  keyword. 

After  this,  one  has  to  assign  signal  names  to  the  pins  of  the  device.  Something  must  be  listed  for  each 
PJn.  not  used  specify  NC.  Polarity  i.c.  active  high  or  active  low  can  be  done  bv  V.  If  7  is  present  means 
active  low.  not  present  active  high.  We  have  selected  all  outputs  active  low. 

thlS  filc  ,S  giVCn  t0  EXE-  prog™11  il  produces  or  generates  Jedec  file.  Thus  file  is  normally 
^  cn  o  AL  programmer.  The  jedec  format  is  as  shown  in  Fig.  12. 13. 


PAL16L8 

CUMMINS  COLLEGE 

*D2217* 

G0*F0* 

L0000  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  HI  1 1 1 1 1  * 
L0032  01010111111111111111111111111111* 
L0256  11111111 1111111 11111111111111111* 
L0288  01011011111111111111111111111111* 
1.0512  11111111111111111111111111111111* 
L0544  1 00 1 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  * 
L0768  11111111111111111111111111111111* 
L0800  10011011111111111111111111111111* 
LI  024  11111111111111111111111111111111* 
L105601 100111111111111111111  111  llllll* 
L1280  11111111111111111111111111111111* 
L131201101011 1111111  Mil  1111 111111111* 
LI  536  11111111 llllll 111111111111111111* 
LI  568  10100111111111111111111111111111' 
L 1 792  1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  IT  1 1 1 1  * 
LI  824  10101011111111111111111111111111* 
C3EC4* 

•A8F5 


Fig.  12.13  :  Jedec  format 

As  seen  all  programmable  connections  numbered  starting  from  0000.  Closed  connections  arc  shown  as 
l’s  and  open  connections  as  0’s. 

Lastly  I  would  like  to  add  that  in  PAL  they  also  provide  security'  fuse.  If  you  blow  the  fuse  one  cannot 
copy  the  PAL  contents.  This  is  very  useful  from  secrecy  point  of  view;  because  of  this  property  PAL  IC  is 
most  widely  used  in  Hardware  Lock,  so  that  nobody  can  copy  licenced  software  copy.  Software  is  only 
executable  if  and  only  if  hardware  lock  is  present. 
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Digital  Circuits  logic  levels,  Propagation  delay  times,  power  dissipation,  Fan-out  and 
r-an-in,  Noise  margin  for  popular  logic  families,  TTL,  LSTTL,  CMOS  and  ECL 

in  egrated  circuits  and  their  performance  comparison,  open  collector  and  Tri-state 
gates  and  buffers. 
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— 
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•  Comparing  TTL  and  CMOS. 
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Sec.  13.22,  Sec.  13.26 
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13.1  Introduction 


Logic  Famili e s 


Wc  have  started  with  basic  binary  system  and  discussed  complex  digital  ICs  Throughout  our 
discussion  wc  talked  about  logic  ’O’  and  ' i '  Wc  treated  logic  'O'  =  GND.  logic  T  =  Vc  (  (+5V)  But 

practically  logic  levels  arc  same  9  or  it  varies  from  family  to  family.  What  will  he  maximum  current 
gi\en  by  gate?  What  is  effect  of  noise,  what  is  speed  limitation  for  each  family?  Hon'  much  power 
dissipated  per  gate?  These  all  questions  w  ill  be  answered  in  this  chapter.  From  practical  implementation 
point  of  view  ,  this  chapter  is  very  important. 

13.2  Digital  1C  Technology  : 

One  can  built  AND  -  OR  -  NAND  -  NOR  using  transistor.  Driving  transistor  in  saturation  and  to 
cutoff,  is  obviously  going  to  take  some  time  in  nano  sec.  Thus  depending  upon  speed,  power 
consumption,  transistor  is  operated  in  saturation  or  unsaturation.  Because  of  this,  we  have  different 
varieties  of  logic  families. 

Transistor  is  bipolar  device,  one  can  think  of  unipolar  device  MOSFET  also.  This  unipolar  device  also 
pro\  ides  different  families.  The  chart  for  the  family  is  given  as  follows. 

Logic  families  are  fabricated  on  silicon  chip.  There  are  different  technologies  for  fabrication  of 
Integrated  circuit.  Digital  IC's  are  classified  according  to  complexity  of  circuit  i.e.  relative  no.  of  individual 

basic  gates  it  would  require  to  build  the  circuit.  Various  fabrication  techniques  arc  mentioned  as  follows 

Digital  IC  technology 


Bipolar 


Unipolar 


Unsaturated 


(1)  Schottky  TTL 

(2)  Emitter  coupled 
logic  (ECL) 


Saturated 


( 1 )  Resistor 
transistor  logic 
(RTL) 

(2)  Diode  transistor 
logic  (DTL) 

(3)  Direct  coupled 
transistor  logic 
(DCTL) 

4)  Integrated 
injection  logic 

(I2L) 

5)  High  threshold 
logic  (HTL) 

6)  Transistor 
transistor  logic 
(TTL) 


Fabrication  Technique 


Small  Scale  Integration  (SSI 


Medium  Scale  Integration  (MSI) 

Large  Scale  Integration  (LSI) _ 

Yen  Large  Scale  Integration  (VLSI) 


PMOS 

NMOS 

1 

(P  channel 
MOSFET) 

Individual  basic  logic  gates  required 


<  12 _ 

12  or  more,  but  <  100 _ 

>  100  and  <  1000 


1000  or  more 
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_ Terms  Related  to  Digital  1C  : 

13-3.1  General  Definition  : 

c  u'jcnt  (I)  .  Current  is  the  flow  of  electric  charge  from  one  potential  to  another  through  a 
con  uctor.  The  unit  of  measure  is  ampere  or  Amp.  abbreviated  A.  Common  unit  found  in 
conductor  industry  is  p  A.  Negative  current  is  defined  as  current  flowing  out  of  device 
(b)  Volta'13  currcnt  ^  defined  as  current  flowing  into  device  terminal. 

i  r  -.a  ^  ^  ^  °*ta8c  or  electromotive  force  which  causes  current  to  flow  through  a  conductor. 

111  of  measure  is  'volt',  abbreviated  'V. 

Parameter  : 

-^EHLYP^age  Parameter 

not  be  5v"  output  is  0  V  and  'HIGH'  output  is  +5V.  But  due  to  internal  circuit  drop,  output  will 

0  1  VI  \Vh°r  '  ^  ^'Cn  output  *s  exPected  instead  of  OV.  it  will  have  some  value  (typically  0.2  to 

fo  '  CI1  HIGH'  output  is  ejected  instead  of  +5V  it  will  be  less  than  +5V  (typically  3.6  to  4V).  But 
ma\imun?vni!aVC  ^.cfinccl  somc  i  e-  at  HIGH  output,  minimum  voltage  and  at  'LOW  output. 

maximum  voltage,  V0H  and  V0L  respectively. 

(0  VOH  (HIGH  level  output  voltage  OR  Worst 
case  HIGH  output) : 

The  minimum  voltage  which  will  be  available  at 
an  output  terminal  of  gate,  when  required  output 
should  be  at  HIGH  level  logic.  Normally  it  is 
above  2.4  V. 

O')  Vol  (LOW  level  output  voltage  OR  Worst  case 
LOW  output)  : 

The  maximum  voltage  which  will  be  available  at 
output  terminal  of  gate,  when  required  output 
should  be  at  LOW  level.  Normally  it  is  beIowr  0.4 
V. 

Let's  draw  the  graphical  representation  for  V0H  and 
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Fig.  13.1 
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Fig.  13.2 
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Input  Voltage  Parameter 


The  way  we  have  defined  minimum 
output  voltage  treated  as  HIGH  and  maximum 
output  voltage  treated  as  LOW.  same  way  for 
input  side  there  will  be  minimum  input 
voltage  which  will  be  treated  as  HIGH  ancf 
maximum  input  voltage  wliich  will  be  treated 
as  LOW,  i.e.  V1H  and  V1L  respectively. . 

(i)  VIH  (HIGH  level  input  voltage 
OR  Worst  case  HIGH  input 
voltage) : 

The  minimum  positive  input 


'cc 


vOH 
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Invalid  state 
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Logic  0 


Fig.  13.3 

voltage  level  that  can  be  applied  to  an  input  terminal  of  device  and  be  recognized  as  logic  HIGH 
level.  Normally  VIH(mlnlmum)  =  2 V.  ^  . 


Scanned  by  CamScanner 


Logic  Families 


DigHal _ 13-4 _ 

(ii)  V, |  (LOW  level  input  voltage  OR  Worst  ease  LOW  input  voltage) : 

Hie  maximum  positive  input  voltage  lev  el  that  can  be  applied  to  the  input  terminal  of  a  device 
and  be  recognised  as  logic  LOW  level.  Normally  V„  (nm}=0.8  V. 

Let's  combine  Figs.  13.1  and  Fig.  13.2 

(hi)  Vr  (Input  Reverse  Voltage)  :  The  voltage  applied  to  an  input  of  a  device  that  causes  the  input 
structure  to  become  reverse  biased.  Usually  equal  to  minimum  high  level  output  voltage  (VOH). 

O')  VP  (Input  Forward  Voltage)  :  The  voltage  applied  to  input  of  a  device  that  causes  the  input 
structure  to  become  forward  biased;  usually  equals  to  maximum  output  low  level  voltage  (V0[ ). 

^  ^\in  (Input  Breakdown  Voltage)  :  The  maximum  voltage  that  the  dev  ice  is  guaranteed  to  be 
able  to  withstand  without  exceeding  more,  input  current. 

3.3.3  Current  Parameters  : 


On  the  similar  line  of  voltage,  we  will  define  current  also  i.e.  IOH.  IG1  IIH  and  In . 

Output  Current  Specification 

(0  I0ji  (HIGH  level  output  current) :  The  current  flowing  out  of  an  output  terminal,  when  output 
is  supposed  to  be  at  HIGH  level  logic. 

(ii)  IQ1  (LOW  level  output  current)  :  The  current  flowing  into  an  output  terminal,  when  output  is 
supposed  to  at  LOW  level  logic. 

(iii)  Ics  (Output  Short  circuit  current)  :  The  current  out  of  an  output  terminal,  when  output  is 
shorted  to  ground,  the  output  is  supposed  to  be  at  HIGH  level  logic. 

Input  Current  Specification 


(i)  Ij  (Maximum  HIGH  input  current)  :  Current  flowing  into  an  input  when  maximum  voltage 
applied  to  it. 

(ii)  IIM  (HIGH  level  input  current)  :  The  current  flowing  into  an  input  when  input  has  high  level 
logic  voltage  equal  to  i.r'nimum  high  level  output  voltage  (VOH).  Typically  =  40  p  A  (1  TTL 


load) 

(n i)  li;  (LOW  level  input  current)  :  The  current  flowing  out  of  an  input  terminal,,  when  a  low 
level  voltage  is  equal  to  the  max.  low  level  output  voltage  (V01 ),  applied  to  it.  Typically 
=  -  1.6  p  A  (one  TTL  load). 

[  Supply  Current  Specification 


(i)  ICCH  -  Supply  current  (outputs  in  the  HIGH  state)  :  The  current  flowing  into  the  VCC 
terminal  of  a  device  when  logic  HIGH  level  established  at  the  output. 

(ii)  ICCL  -  Supply  Current  (outputs  in  LOW  state)  :  The  current  flowing  into  the  VCC 
terminal  of  a  device,  when  logic  LOW  level  established  at  the  output. 


13.3.4  Noise  :  * 

Noise  is  unwanted  random  signal.  The  normal  conductor  or  tracks  of  PCB  acts  as  antenna  and  catches 
noise.  If  noise  gets  introduced  in  the  signal,  it  may  add  or  subtract  with  the  signal. 

Let's  see  how  it  is  going  to  create  problem  by  providing  false  triggering.  Consider  a  circuit,  in  which 
NAND  1  drives  NAND  2  (Refer  Fig.  13.4). 
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rig.  u.4 


level,  with  the  Dohritv  'rUrodllccd  'n  die  l'nc  of  500  mV.  when  output  from  driver  gate  is  at  low 

me  polarity  shown  in  Fig  135 

©4^ - Q>- 


B< 


Driver  gate 


Noise 


Load  gate 


Fig.  13.5  :  Pulse  triggering  into  high  state 

defined  °UtPUt  VoL’  thercforc  voltaSc  at  point  X  =  Vx  =  0.4  +  0.5V  =  0.9V.  As 

falls  in  i  »'•  j  .  CVC  lnpUt  (V,l)  1S  0  8  V’  and  minimum  high  level  input  is  2  V.  Therefore  Vx  =  0.9 

output  stage3 of  load1'1  13'3‘  Thcrcfore  outPut  is  unpredictable,  but  it  may  give  false  change  in 

utput  stage  of  load  gate  even  though  output  of  driver  gate  is  at  LOW  state. 

ame  wav,  when  VQH  -  2.4  v  noise  gets  introduced  as  shown  in  Fig  13  6 

Driver  gate  Noise  Load  gate 

Fig.  13.6  :  False  triggering  into  low  state 

Vx  ^oh  Vnoisc  ~  2.4  -  0.5  V  =  1.9V.  Therefore  as  Vx  is  lower  than  minimum  voltage  required  at 
input  to  treat  it  as  high  i.e.  VIH,  load  gate  may  change  state  or  can  provide  unpredictable  output.  How 

much  noise  gets  introduced  that  depends  upon  environment.  But  as  far  as  we  are  concern,  we  want  that 
logic  family  should  not  change  output  because  of  noise  i.e.  family  should  be  immune  to  noise. 

Noise  immunity  can  be  defined  as  how  much  insensitivity  a  logic  gate  has  to  triggering  or  reaction  to 

r> 


noise. 


(a)  Logic  level  diagram 
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UP 


nmh 

(b)  Input,  output  characteristics 


Fig.  13.7 
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\  Let's  understand  first  new  terms. 

I  (i)  Tiansition  width  :  Transition  width  is  VIH  -  V,,  i.e.  amount  of  voltage  require  to  go  from 

LOW  to  HIGH  state  or  V.  If  the  input  voltage  level  falls  between  transition  width  output  is 
unpredictable. 

(n)  Logic  Swing  :  The  difference  between  two  output  voltage  levels  is  known  as  logic  swing  of  ^ 
gate.  Logic  swing  =  VOH  -  VQL. 

(ni)  N’oLsc  Mar  gin  (NM) :  The  amount  of  extraneous  signal  which  can  be  tolerated  (margin  of  noise 

T  •  i  t0*cratc^)’  before  an  output  voltage  of  gate  deviates  from  allowable  logic  voltage  level. 

c\c  noise  margin  (NML)  :  The  difference  between  VIL  -  V0L  is  known  as  low'  level  noise 

margin. 

NMl  =  Vil  ~  Vol  =  °-4V  s  400mV. 

It  means  that  if  output  of  driver  gate  is  low  logic  (0.4V).  and  if  noise  voltage  >  (VIL  -  VOH) 

perimposes  on  signal,  then  it  will  lead  you  to  invalid  region  (Refer  Fig.  13.9  (a)).  Difference  between 
vil  ~  vol  should  be  as  large  as  possible. 

Hi^h  Ic\cl  noise  margin  (NMH)  :  The  difference  between  VOH  -  VIH  is  known  as  high  level  noise 
margin. 

NMh=  Voh  -  VIH  =  400  mV. 

This  difference  should  be  also  more,  to  have  high  noise  immunity.  In  short,  one  should  have  verv  low 
transition  width  and  very  high  logic  swing,  to  have  high  noise  immunity. 

DC  Noise  Margin  and  AC  Noise  Margin  : 

DC  noise  margin  is  nothing  but  what  we  studied  just  now.  In  general,  DC  noise  margin  can  be 
defined  as  difference  between,  output  voltage  limits  of  driver  gate  and  voltage  requirement  of  load  gate  i  e 
vil-vol  andvoH-viH-  > 

AC  Noise  Margin 

The  term  do  margin  seems  little  inappropriate  when  applied  to  noise,  which  by  general  conception  is 
an  ac  factor.  While  dc  noise  is  not  impossible,  the  user  is  much  more  concerned  with  transient  type  of 
noise.  In  circuit,  with  speed  of  integrated  circuit  logic,  microsecond  wide  pulses  are  extremely  long  and 
may  be  treated  as  dc.  so  far  as  operating  margins  are  concerned. 

As  the  noise  pulse  width  shortens  into  low  nanosecond  region,  a  limit  is  reached  where  an  input  pulse 
can  be  shorter  than  the  time  required  for  signal  to  propogate  through  the  device.  Therefore  higher 
amplitudes  are  required  to  change  the  output.  As  pulse  width  is  more  or  high  amplitude  pulse  will  change 
Lite  output  of  the  gate.  Because  of  pulse  amplitude,  some  effects  are  there  which  can  be  broken  into  two 
separate  reactions. 

(1)  Effect  of  input  being  driven  into  opposite  state  marginally  or  completely.  This  affect  propagation 
delay  of  the  device. 

(2)  Capacitive  storage  and  coupling  effect,  which  causes  high  amplitude  pulse  to  enter  and  be 

partially  stored.  This  behaviour  allows  gate  to  continue  to  respond  to  pulse  even  after  it  has 
disappeared  at  the  input.  i- 

13.3.5  FanOut: 

Number  of  load  gates  connected  at  the  output  of  a  gate  is  called  fanout  of  the  gate.  It  is  driving 
capability  of  a  particular  gate  to  drive  'N'  no.  of  gates. 
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As  shown  in  Fig.  13.8.  driver  gate 
drives  'N'  no.  of  load  gates.  N  =  fanout.  If 

"’c  connccl  ni°rc  no.  of  gates,  we  are 
loading  the  gate,  therefore  output  voltage 
'Mil  reduce  and  because  of  more  current 
taken  out  from  output  terminal,  gate  may 
get  damaged. 

13.3.6  Fan  In  : 


13-7 


Driver 

gate 


-o°- 


T> 

o 


-r> 


Fig.  13.8 


Logic  Families 


> 


'N'  number  of 
load  gates 


J 


Number  of  inputs  connected  to  gate  is  called  fan  in  of  the  gate 
For  2  input  NAND.  fan  in  is  2. 

4  input  AND,  fan  in  is  4. 

In  short  no.  of  input  terminals  =  fan  in. 

13.3.7  Speed  of  Operation  or  Propagation  Delay  : 

As  we  have  seen  propagation  dalay  is 
nothing  but  time  taken  by  particular  gate  to 
produce  output,  when  input  is  applied. 

The  cause  of  propagation  delay  is  : 

(1)  Circuit  capacitance. 

(2)  Finite  switching  speed  of  transistor. 

Transistor  takes  some  time  to  switch 
from  saturation  to  cutoff  and  cutoff  to 
saturation. 

The  tpd  is  measured  at  50  %  voltage  level  of  input  and  output  wave  form.  Let's  say  a  pulse  is  given  to 

inverter  input.  Then  input  and  output  wavefronts  as  shown  in  Fig.  13.9. 

tPLH  =  Propagation  delay  measured  when  output  switches  from  low  to  high. 

tpHL  =  Propagation  delay  measured  when  output  switches  from  high  to  low. 

~  .  ■  ,  ,  IpLH  +  IpHL 

tpd  =  Propagation  delay  = - - - 


13.3.8  Current  Source  and  Current  Sink  : 

Current  Source  and  Sink  are  named  depending  upon  flow  of  current  from  output  terminal.  Let's 
consider  driver  gate  and  load  gate. 

Current  Source 

Fig.  13.10  shows  output  of  driver  gate  connected  to  input  of  load  gate.  Output  of  driver  gate  is 
'HIGH',  therefore  driver  acts  as  a  source  and  supplies  current  to  load  gate.  Source  current  is  same  as  IIH. 

^cc 
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rj-,  *  S^°"n  *n  ^  '■  "I1cn  input  to  NAND  (driver  gale)  is  high,  output  produced  is  low  (VOI ). 

re  current  (In  )  flow  s  from  load  gate  to  driver  gate.  With  respect  to  driver  gate,  current  is  coming  in 
means  gate  Sinks  the  current,  therefore  called  sinking  current. 


13.3.9  Power  Dissipation  : 

The  important  parameter  of  the  logic  family  is  power  dissipation.  Normally  it  should  be  as  low  as 
j^kcn  1C  ^oucr  dissipated  by  gate  HIGH  and  LOW  state  is  different.  Therefore  normally  average  is 

p  _  PDH  +  PDT. 

D(avg)  2 

^dh  ^  Power  dissipated  when  input  was  HIGH 
PDL  =>  Power  dissipated  when  input  was  LOW. 


13.3.10  Figure  of  Merit  or  Speed  Power  Product  or  Power  Delay  Product  : 

The  product  of  propagation  time  and  power  dissipation  (tpd  x  PD)  is  known  as  figure  of  merit  or 
performance  of  gate.  Normally  minimum  value  of  product  is  desired. 

These  is  always  compromise  between  speed  (tpd)  and  dissipation.  To  reduce  dissipation.  Internal 
resistances  are  increased,  then  propagation  delay  is  more  because  stray  capacitance  and  junction  capacitance 
will  take  more  time  to  charge  and  discharge,  therefore  speed  is  less.  If  resistance  are  decreased  to  increase 
speed,  power  dissipation  increases.  Therefore  figure  of  merit  is  taken  while  selecting  family 

^  ~~  ^D(avg)  ’  tpd 

PD  =  Power  delay  product 
P D(avg)  =  Average  power  dissipation 
tpd  =  Propagation  delay 


13.3.11  Operating  Temperature  : 

The  temperature  range  in  which  IC  will  function  properly  is  called  operating  temperature  for  the  IC. 

For  consumer  and  industry'  grade  IC.  temp,  range  is  0°  to  70°C. 

For  military',  aerospace,  temperature  range  is  -  55°C  to  +  125°  C. 

13.3.12  Package  Density  : 

Package  density  means  no.  of  gates  fabricated  per  unit  square  area.  Some  of  the  families  have  higher 
package  density,  because  of  merging  of  components. 

h-  *  .  »  \  ;  %  -  mMf ’  *.  t  •  -  *  <  £ 
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..nd^r  S'UdVi"8  Vnri°"S  '°SiC  rm"iliCS  h  is  imponiM"  10 

Ibovot.  C  pnramclcrs  “C'  family  is  compared  taking 

abo\  c  pcmicicrs  into  consideration.  b 

13.3.13  Physical  Packaging  of  Logic  Circuits  : 

10,0^^  l  C0"""°"  physical  |MckaBc  llscd  10  Ixxbc  IC 
C,T,1 '  '  1  "s  pilck:,sc  «  made  of  either  plastic  or  ceramic  and  is 

on  in  "a,  l,,,e  <DIp)  package.  Pins  of  the  IC  may  be  14.  16  18 

40.  40  and  so  on. 

Pig.  13.12  shows  physical  dimension  24  pin  Chip. 

Presence  or  the  notch  on  one  end,  is  used  to  locale  pin  no.  1. 
omc  s  use  small  dot  on  the  top  surface  of  the  package  to  locate 
P'n  '  lc  spacin8  between  pins  (lead  pitch)  is  typically  100  mils. 

Due  to  advancement  in  digital  integrated  circuit,  we  have  few 
more  1C  packages. 


Logic  Families 


Pin  13 


Pin  12 


24-pin  DIP 

Fig.  13.12 


Pins  on  all 
four  sides 


Chipped 

corner 


_Pins  on  all 
four  sides 


Pin  13 


Pin  24 


^ —  Pin  1 

Pin  48 


28-pin  PLCC 
(J-lead) 

socket  or  surface-mount 


48-pin  QFP 
(gull-wing) 
surface-mount 


(a)  (I)) 


Fig.  13.13  :  Common  1C  packages 
Bevel 


Pin  8  (gull-wing) 
suilocomount 


Fig.  13.1-4  :  Common  IC  packages 
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Acronym 

DIP 
SOIC 
SSOP 
TSSOP 
TVSOP 
PLCC 
QFP 
TQFP 


Bipolar  Families : 


We  are  going  to  start  with  bipolar  families. 

13.4.1  Direct  Coupled  Transistor  Logic  (DCTL)  : 


- - - - -  -  1 

Package  Name 

3-10 _ 

Height 

- Loqic  Familie 

Lead  Pitch 

Dual-In-line  Package 

Small  Outline  Integrated  Circuit 
Shrink  Small  Outline  Package 

Thin  Shrink  Small  Outline  Package 
Thin  Very  Small  Outline  Package 
Plastic  Leaded  Chip  Carrier 

Quad  Flat  Pack 

Thin  Quad  Flat  Park _ 

200  mils  (5. 1  mm) 

2.65  mm 

2.0  mm 

1.1  nun 

1.2  nun 

4.5  mm 

4.5  mm 

1.6  mm _ 

100  mils  (2.54  mm) 

50  mils  (1.27  mm) 

0.65  mm 

0.65  mm 

0.4  mm 

1.27  mm 

0.635  mm 

0.5  mm 

/cc 


(a)  NOT  gate  in  DCTL  family 


(b)  Input  characteristic  of  transistoi 


Fig.  13.15 

(1)  Transistor  Q,,  Q2  and  Q3  are  used,  connected  paxallely. 

(2)  INPUT  A,  B  and  C  are  directly  given  (No  base  R  used). 

(3)  Load  resistance  Rc  is  common. 

(4)  OUTPUT  V0  taken  from  collector  of  transistor  with  respect  to  ground. 

Working : 

(1)  Wh  cn  A  =  B  =  C  =  0,Q1=Q,=  Q.  =  OFF,  •  V„=vcc  (HIGH  logic) 

(2)  When  either  of  the  A,  B.  and  C  is  1 ,  transistor  Q,  or  Q,.  or,  Q3  will  conduct  and  will  operate  i 
saturation.  .-.  V0  =  VCE  (SAV  =  0.2  V  (LOW  logic). 

(3)  When  A  -  B  -  C  =  I ,  because  of  matched  characteristics,  same  base  current  will  allow  same 

collector  current  to  flow.  V0  =  VCE  =  o.2  V. 

(4)  The  above  operation  is  of  NOR  gate. 

(5)  Thus  V0H  =  Vcc  =  3.6V  and  V0I  =  0.2V. 
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JSKSn?,!!  a"  !!'rcc  *ra"sislors  should  be  identical  But  it  is  not  possible.  It  won't 
>.  Keter  I  ig.  13.  to  (b).  as  shown  at  same  VBE.  base  current  of  each  transistor  will  be  different 

current.  TnJtoor  O O ^  ^  M  ^  Q'  ^  <**  Q>  *«*'  ™‘h  »f  <■* 
,  .  ~  not  get  much  base  current  thus  overall  circuit  performance  may  affect.  This 

P  omena  is  called  current  hogging. 

Advantages  : 


(1)  Simplest 

(2)  Cheap. 

Disadvantages  : 

(1)  Poor  noise  margin 

(2)  Low  logic  swing,  typical  0.7V. 

13.4.2  Resistor  Transistor  Logic  (RTL)  : 


■+ 


RTL  was  popular  form  of  logic. 
As  name  indicates,  we  use  resistors 
to  adjust  base  current  of  transistor 
and  will  remove  current  hogging 
phenomena  of  DCTL.  The  circuit  for 
simple  RTL  NOR  gate  is  shown  in 
Fig.  13.16. 

(1)  Transistor  Q,,  Q2  and  Q3 
are  used  in  parallel  configuration. 

(2)  A,  B  and  C  are  inputs  of 
transistor  Qp  Q2  and  Q3  i.e.  inputs 


of  gate. 

(3)  Load  resistance  Rc  is  common. 

(4)  Output  taken  from  collector  of  transistors. 

(5)  Inputs  A,  B  and  C  are  through  base  resistor  R1?  R2  and  R3. 

Working  : 

(1)  When  A  =  B  =  C  =  0,  Q,,  Q,  and  Q3  transistors  are  OFF.  V0  =  Vcc  =  logic  1. 

(2)  When  either  of  the  input  A,  B  or  C  or  all  inputs  are  high,  one  of  the  transistor  or  all  transistor 
gets  saturated  and  V0  =  VCE  (Sat)  s  0.2V. 

(3)  Thus  V0H  =  3.6  V  and  V0L  =  0.2  V. 

(4)  Supply  voltage  typically  3.6  V. 

Advantages  : 

fl)  Cheap 
(2)  Simplest. 

Disadvantages  : 

(1)  Poor  noise  margin. 

(2)  Poor  fanout  capability  (typically  5). 

(3)  Low  speed  (Relatively  fast  when  tpd  =  12  nsec,  compared  with  other  saturated  logic  families). 

(4)  High  power  dissipation  16  mw. 

(5)  Smalllogicswing.1V. 


i 
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13.4.3  Resistor  Capacitor  Transistor  Logic  (RCTL) 

In  RTL.  switching  speed  can  be 
improved  by  adding  capacitor  in 
parallel  with  base  resistance  as 
shown  in  Fig.  13.17.  This  variation 
is  called  RCTL. 

(1)  Working  is  same  as  RTL 
and  DCTL. 

(2)  When  input  transition  is 
from  0  — >  1  (rising  edge), 
capacitor  will  bv  pass 
resistance  so  that  transistor 
input  capacitance  charges 
more  quickly. 

(  )  When  input  transition  is  from  1  ->  0  (falling  edge),  capacitor  will  bv  pass  resistance.  So  internal 
capacitor  discharges  faster. 

The  use  of  capacitor  allows  higher  value  of  resistors.  Therefore  power  dissipation  can  be  reduced. 

Problem  : 


From  the  fabrication  point  of  view,  the  circuit  is  not  ideal,  because  it  includes  high  proportions  of 
resistor  and  capacitors.  Capacitors  and  high  value  resistors  are  relatively  expensive  in  monolithic  IC  form 
because  of  large  area  requirement. 


13.4.4  Diode  Transistor  Logic  (DTL)  : 


DTL  was  developed  to  increase  logic  swing,  so  that  noise  immunity  can  be  increased.  The  following 
circuit  shows  simple  AND  gate  using  diode. 


V0 

i 


Fig.  13.18  (a)  :  AND  gate 


AND  gate  Truth  Table 


A 

B 

V0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

(b)  Truth  table 


Working  : 

(1)  When  A  =  B  =  1,  diodes  D,  and  D,  are  reverse  biased,  therefore  acts  as  open  switch. 


V0  =  Vcc=  Logic  1. 

(2)  When  A  =  B  =  0  or  either  of  the  inputs  A  or  B  is  'O',  diodes  D,  and  D2  will  gel  forward  biased. 
.-.  Potential  at  X  point  is  Vx  =  VF  =  0.7V  V0  =  Vx  =  0.7V  -  logic  O’. 


Circuit  is  simple  AND  gate. 
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AND  gate  Truth  Table 


A 

B 

V0 

0 

0 

1 

0 

1 

1 

1 

o 

1 

1 

1 

0 

Working  : 


(b)  Truth  table 


(I)  A  =  B  =  0 


(4) 


(5) 


2  will  get 


(2) 


therefore  D,  and  D 

forward  biased,  therefore  potential  at  X  is  0.7V 
i.e.  Vx  =  VF  =  0.7  V.  To  drive  transistor  Q, 
in  conduction  we  require  1.4  V  (diode  D3  drop 
+  Base  to  emitter  junction  drop  of  Q,). 
therefore  Q,  is  cutoff  and  Output  Vo  =  Vcc  = 
logic  1. 

When  either  A  or  B  is  equal  to  0,  either  D,  or 
D  will  conduct.  Vv  =  VP  =  0.7V. 


(3) 


Therefore  transistor  is  cutoff  giving  Vo  s  Vcc  =  logic  1. 

When  A  =  B  =  1,  diodes  D,  and  D2  are  reverse  biased.  Base  current  to  transistor  Qt  will  flow 
through  Vcc.  Rn,  D3  and  base  of  transistor  Q,  Transistor  Q,  is  in  saturation  and  provides  VQ= 


V  ,  =  0.2V.  when  transistor  conducts  circuit  can  be  shown  as  follows  : 

CE  (sat) 


Use  of  diode  D3. 

Consider  diode  D3  is  not  present.  Refer  point  1  and  2,  when  D, ,  D2  both  or  either  of  the  diode 
conducts.  Vx  =  0.7.  Therefore  this  voltage  may  be  sufficient  to  drive  transistor  Q,  and  circuit 
will  malfunction.  Therefore  D3  is  used.  Now  we  will  require  1.4V  to  drive  Q,  in  saturation. 

vcc 


Use  of  RB. 

Normally  there  is  capacitance  at 
base  and  emitter  junction,  it 
stores  the  charge.  Assume  that 
initially  transistor  Q,  is  in 

saturation.  When  A  =  B  =  0 
input  is  given,  Vx  -  0.7 
therefore  transistor  Q[  will  try  to 
come  out  of  saturation.  It  is 
obvious  that  internal  capacitor 
would  like  to  discharge  stored 
charge.  If  is  present, 

then  capacitor  won't  get  path  to 
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discharge  because  diode  D,  is  reverse  biased.  Therefore  it  will  take  more  time 
saturation.  Herc  Rn  provides  leakage  path  for  internal  capacitor  to  get  discharge 

m  n^C"°iSCTU,nil>'  aUd  l°  gCt  faSt  discllar8c  sl>gbt  niodification  is  done  in  DTL  gate. 

rcnni^rt  Cd  for  morc  I10,sc  ,mm«nitv.  as  diode  is  added  more  voltage  at  point  X  will  be 
required  to  drive  transistor  Q,  in  saturation. 

Vx  should  be  >  V,  +  v  +  V 

fd,  fDj  be(QD- 

g<  'c  supph  VHB  at  base  will  provide  fast  discharge  path  for  internal  capacitor  to  get 

base  onnnd?'1?!'  negative  voltage  across  base  will  built  fast  depletion  region  inside 

base  of  transistor  Q,.  so  Q,  cutoff  at  fast  rate. 

Modified  DTL  gate,  is  most  widely  used  form  of  DTL  gate  available  in  IC  form.  Refer  Fig.  13.20. 
Two  changes  have  been  implemented. 


(  )  ode  D3  is  replaced  b\  emitter  follower  circuit  (transistor  Q:).  Purpose  of  providing  Q,  is  extra 
urn  on  current  for  Q,.  there  by  increasing  fanout  capability  and  also  switching  speed.  Base  current 
o  Q,  is  amplified  by  hfe  of  Q2  times.  Thus  driving  current  for  Q,  increased. 

- Rb  is  returned  to  ground,  instead  of  negative  supply. 

This  is  done  for  single  power  supply  operation.  Minimum  voltage  at  point  Y  required  to  drive  Q  in 
saturation  is. 

Vv  =  VBE2  +  VF  +  VBE]  =  0.7  +  0.7  +  0.7  =  2.1V  (1) 


Features  : 

(1)  DTL  circuit  switches  faster  then  RTL  circuit,  because  signal  passes  through  low  forward 
resistance  of  diodes  to  the  transistor.  Typical  delay  is  25  q  see. 

(2)  Fan  out.  as  high  as  8  is  possible  because  of  high  input  impedance  of  the  subsequent  gates  in 
logic  1  state. 

Use  of  diodes  rather  than  resistors  and  capacitors  makes  the  DTL  circuit  morc  economical  in  IC  form. 
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- - - - Logic  Families 

13.4.5  High  Threshold  Logic  Gate  (HTL)  : 

family  having  vcrv V.Cry  .noisy  thc  above  IoSic  families  will  not  work  satisfactorily.  Wc  require  logic 

of  5V  The  Fm  n  2  ,  vTST*'  HTL  fami*  USCS  SUPP>V  voltage  15  V  instead 

v-  1  nc  mg.  13.23  shows  HAND  in  HTL  family. 


Working  : 


(1)  When  A  -  B  -  0,  diodes  D,,  D2  gets  forward  biased,  therefore  potential  at  point  Y  with  respect 
to  ground  is  VY  =  VF  s  0.7V.  This  voltage  is  not  sufficient  to  forward  biased  transistor  Q2  and 
breakdown  zener,  therefore  Q,  is  OFF  providing  V0  5  15  V  (logic  1). 

(2)  When  either  of  the  input  A  or  B  is  0,  VY  =  0.7V,  Q,  =  OFF.  Voltage  at  point  Y  require  to 
forward  biased  Q2,  Q,  and  breakdown  zener  requires 

Vy  -  VBE2  +  Vt  +  VBE1  =  0.7  +  6.8  +  0.7  =  8.2  V  ...(2). 

(zener  breakdown  voltage  =  6.8  V). 

Therefore  minimum  voltage  at  A  and  B  input  required  is 

^a/b  ~  Vy  -  VFD1/D2  =  8.2  -  0.7  =  7.5  V  ...(3) 

Compare  Equations  (1)  and  (2)  the  difference  is  6.1,  therefore  obviously  noise  immunity  is  more 
in  case  of  HTL. 

(3)  When  A  =  B  =  1  =  high  logic  =  15  V.  D,  and  D:  will  get  reverse  biased  and  Q2  will  be  ON, 
breaking  zener  and  switching  on  Q, .  Therefore  V0  =  VCE(ut) . 

Advantages  Over  DTL  : 

(1)  Higher  noise  immunity. 

(2)  INPUT  -  OUTPUT  cliaracleristic  is  independent  of  temperature  variable. 


Disadvantages  : 


(1)  Slow  speed  because  as  supply  increased  resistor  values  were  increased,  therefore  stray  and  device 
capacitance  need  charge  /  discliargc  through  resistance,  thus  increasing  time  constant. 
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Logic  Families 
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Transistor  -  Transistor  Logic  (TTL)  (T2  L  Logic  Family) 


Problem  in  DTL  : 

In  DTI.,  when  transistor  Q,  was  coming  out  of  saturation,  diode  D,  becomes  reverse  biased  and 
internal  stored  charge  discharges  through  Rn.  This  is  slow  process  of  discharging.  DTL  is  having  speed 
limitation  lo  increase  the  speed.  DTL  has  been  modified  Modification  is  diodes  D,,  D.  and  D  arc 
replaced  by  multi  emitter  transistor 

What  is  multiemitter  transistor  ? 

I  ig.  Lv24  shows  multi-emitter  transistor. 

Base 


Emitter 


Collector 


> —  Emitter 


(a)  Symbol 


Collector 

(b)  Lateral  geometry  of  multi  emitter  transistor 
Fig.  13.24 

For  the  fabrication  of  multi-emitter  transistor,  single  isolated  collector  region  is  diffused,  a  single  base 
region  is  diffused  and  formed  in  the  collector  region.  The  several  emitter  regions  are  diffused  as  separate 
areas  in  the  base  region. 

Why  one  should  use  multi  emitter  configuration  ? 

The  answer  is 


(1)  Saving  in  silicon  area  and  onward  package  density  i.e.  no.  of  gates  will  be  more  for  given  space. 

(2)  The  switching  speed  is  improved  because  transistor  at  the  input  speeds  up  process  of  coming  out 
of  saturation,  of  transistor  Q,. 

Multi-emitter  transistor  operates  in  two  modes. 

(1)  Normal  (2)  Inverse. 

In  normal  mode;  emitter,  base  and  collector  functions  as  emitter,  base  and  collector  only.  But  in 
inverse  mode  emitter  acts  as  collector  and  collector  acts  as  emitter.  For  more  detail  let’s  see  basic  TTL 
NAND  gate. 

As  shown  in  Fig.  13.25.  diodes  D,,  D,  and  D3  are  replaced  by  multi  emitter  transistor  The  circuit  is 
still  modified  further  by  removing  RB.  This  resistance  is  now  not  necessary  because  discharge  will  be 
provided  by  Q2  i.e.  multi  emitter  transistor.  Secondly  diode  D4  is  also  removed.  The  diode  was  introduced 

to  increase  noise  immunity. 
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Fig.  13.25 

Therefore  final  circuit  is  as  shown  in  Fig.  13.26 


Fig.  13.26  :  TTL  NAND  gate 


Working  : 

(1)  When  A  =  B  =  1,  Q,  will  be  OFF.  In  this  case  multi  emitter  transistor  Q2  act  in  Inverse  mode 
i.e.  collector  acts  as  emitter  and  emitter  acts  as  collector.  Therefore  Q,  gets  base  drive  from  Vcc, 
R  and  forward  biased  collector  junction  (collector  acts  as  emitter)  to  the  base.  Q,  is  ON.  Q,  is 

now  in  saturation.  V0  =  VCE(sat)=  0.2V  (logic  0). 

(2)  When  A  =  B  =  0  or  acts  either  of  the  terminal  is  at  logic  0  (0.2V)  potential.  Q2  will  be  forward 
biased.  In  this,  transistor  Q2  acting  in  Normal  mode.  Current  will  be  flowing  through  Vcc  R, 
forward  biased  base  emitter  junction  (BCj,  Be2)  to  ground.  Therefore  VBEl=  0.7V.  Ground 


Potenffa^base^2^  0.7  +  0.2V  =  0.9V.  To  forward  biased  Qi  we  require  voltage  0.7  (base  to 
collector  junction)  +  0.7  (VBE,  (Q,))  =  14  V.  .-.  transistor  Q,  comes  out  of  saturation  and  it  will  be  OFF. 

How  stored  charge  of  Qj  gets  discharged  . 

The  stored  cltarge  in  (Twill  leaks  off  through  collector  of  transistor  Q,  to  ground.  As  ON  resistance 
of  transistor  is  vet)'  low  discharge  is  very  fast.  Therefore  Q,  comes  out  of  saturation  very  fast.  Drscharge 
path  is  shown  by  dotted  arrow  in  Fig.  13.26.  In  comparison  with  DTL,  TTL  is  ten  tunes  faster. 
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13.5.1  Totem  Pole  Output  Stage  or  Active  Pull-up  : 
Problem  in  TTL  Circuit  : 


Logic  Families 


the  same  for  TTL^'^nte  'nipCdanCC  of  any  elcctron|c  circuit  should  be  as  low  as  possible.  Now  let’s  analy 


ze 


side  fsCvlFL8' .?  26  (b)'  WhCn  1S  °N  ,  C'  V°  “  0  Icvcl  =  Vce  (sat),  impedance  looking  into  the  output 

But  if  O  "is  Itff**  ^  7;1,m)-  g°  "i1cn  output  is  at  LOW  level  impedance  is  low. 

resisting  d  '  m  ,!  C  °  =  '0giC  outPut  impedance  looking  into  the  network  is  equal  to  load 
resistance  Rc.  Normally  Rc  is  in  kQ. 

inn  •  Cf°rC  °UtpUt  iniPcdancc  is  high,  when  Vo  =  logic  1.  Therefore  charging  time  of  external  stray  and 

incrcases-  speed  of  operation  is  affected. 

dissimiin  c°  °  !^C  pr°^cm  ls  onc  can  re(1uce  Rc  but  then  current  Ic  will  increase,  increasing  power 
x  ccon  \  Qj  w  in  g0  int0  hard  saturation,  so  coming  out  of  saturation  will  take  more  time, 
second  problem  of  decreasing  Rc,  is  as  shown  in  Fig.  13.27. 


DRIVER  GATE 


LOAD  GATE 


Fig.  13.27(b) 


Fig.  13.27  (a)  shows  one  NAND  gate  drives  another.  Output  driver  gate  connected  to  input  of  load 
gate.  Equivalent  circuit  is  shown  in  Fig.  13.27  (b). 

When  A  =  B  =  0,  of  driver  gate,  Q,'  works  in  normal  mode,  therefore  Q,'  =  OFF  and  produces  HIGH 
output.  V0'  =  High  and  it  is  given  to  input  of  load  gate. 

Therefore  Q2  works  in  inverse  mode  (i.e.  emitter  as  collector  and  collector  as  emitter).  In  this  mode 
gain  is  high,  therefore  Q2  will  fetch  current  from  Vcc,  Rc',  Cj/e2and  collector  of  Q2  to  base  of  Q,.  (Current 
I  path  is  shown  by  dotted  line  Fig.  13.27  (a)).  As  current  drawn  is  more,  drop  across  Rc'  will  be  more, 
therefore  V0'  of  driver  gate  with  respect  to  ground  reduce  i.e.  instead  of  VQ'  =  Vcc,  it  will  be  lesser  than  ji 
Vcc  and  therefore  noise  immunity  decreases. 

So  to  reduce  output  impedance,  best  solution  is  to  use  emitter  follower  circuit.  The  basic  characteristic 
of  emitter  follower  is  output  impedance  is  very  low.  The  output  stage  using  emitter  follower  is  called 
totem  pole  output  stage  or  Active  pull  up  stage.  The  circuit  of  totem  pole  output  stage  is  shown  in 
Fig.  13.28. 


?  :  ■  \  \  -  •  V  ' ' 
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Q4  is  multi-emitter  transistor.  Q,,  Q2,  diode  D  and  Reforms  output  stage. 

Working  : 


Logic  Families 


(1)  When  A  -  B  -  0  or  either  of  the  terminal  is  'O' ,  Q4  is  ON.  Q4  works  in  normal  mode.  Therefore 
transistor  Q3  is  OFF.  Therefore  VY  s  0  and  Vx  s  Vcc.  Therefore  Q^  is  OFF.  As  the  potential  at 
X  point  is  VCC  it  will  drive  Q,  ON.  The  output  is  taken  from  emitter  of  Q,  after  diode. 
Therefore  impedance  is  low. 

Vo  ~  VCC-VBE^-VF 
V0  =  5  -  0.7  -  0.7  =  3.6  V 

How  the  circuit  will  look  like  when  is  off  is  shown  in  Fig.  13.29. 


Evcnthough  output  is  at  high  logic  output  impedance  is  low. 
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(2)  When  A 


Logic  Families 


B  I  transistor  Q4  will  work  in  Inverse  mode.  Therefore  Q,  conducts  as  it  will  receive 
base  dri\c  from  Q4.  As  Q3  is  ON.  Q,  will  also  be  ON.  'cause  at  point  Y  sufficient  voltage  will  be 
produced. 


Vy  =  0.7  V. 

Vx  =  Vce,  +  Vv  =  VCE  +  V  =  0.2  +  0.7  =  0.9  V  7 

R  3  3  (Sat)  ' 

nut  to  switch  on  transistor  Q,  we  require  Vx  =  Vnn  +  VF  =  0.7  +  0.7  =  1.4  V. 

But  Vx  is  0.9V.  therefore  Q,  and  diode  D  is  Cut-off.  Vo  =  VrF  =  0.2  V  =  logic  The  circuit 

....  Ct2(Sat) 

W,H  be  as  shown  in  Fig.  13.30. 


vcc 


■» 


Fig.  13.30 


If  you  look  into  output  network,  impedance  will  be  low  i.e.  impedance  of  ON  transistor  Q,  (8  to 
10  £2),  therefore  at  LOW  output  impedance  is  also  low. 

So  from  point  1  and  2,  we  conclude  tliat  irrespective  of  output  level  impedance  is  low. 

(3)  Keep  A  and  B  floating  : 

Floating  means  left  open.  When  A  =  B  =  Float,  emitter  ej  and  e2  will  be  open.  Therefore  current 
will  not  pass  through  emitter,  means  Q4  will  operate  in  inverse  mode  (collector  base  junction  gets 
forward  biased.) 

As  Q4  is  OFF,  Q3  is  ON.  Q3  will  produce  sufficient  potential  at  Y  point  so  that  Q,  also 
conducts.  .'.  Vy  =  0.7  V,  Vx  =  VCE  +  VY  =  0.9,  not  sufficient  to  drive  Q.  and  diode  D  to 

3  (Sat) 


turn  it  on. 


V„  =  VrF  =0.2V  =  logic  0. 

0  CE2(Sat)  5 


If  you  observe  point  (2)  and  (3),  you  will  find  the  circuit  behavior  is  same  and  output  is  also> 

same. 


Conclusion  :  Floating  input  terminal(s)  in  TTL  is  treated  as  HIGH  level  input. 


It  is  specifically  mentioned  input  terminal(s),  it  doesn't  mean  that  you  should  keep  Vcc  terminal 

floating  and  expect  circuit  should  function.  Sorry,  it  won't  work. 

Looking  to  totem  pole  circuit  you  may  ask  why  R4  and  D  is  connected.  What  is  the  function  of  R4 

and  D.  To  understand  function,  let's  see  operation  without  these  components. 


'  »  a 
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lhcrcfo7'  n'nVC  S,CC"  h'  POim  (2>  a"d  (3)  0f  t>rc™"s  discussion,  when  A  =  B  =  l  or  non.  Q.  is  OFF 
thcrcforc  Q,  condnes  forcing  Q, ,»  conduct.  As  Q,  conducts.  Vx=  VrF  +  Vy  =  0.2  V  0  7  =  0  ,: 

output  stai^O^un^O^  D]  n°.1  prcscnt'  Thcrcforc  Vx  =  0  y-  >s  sufficient  voltage  to  drive  Q,  ON.  So  at 

circuit  and  1C  \v  U  a°  '  COnduct  and  in  lhat  if  R->  is  also  not  present  then  it  will  be  simply  short 

drive  Q  and  diod  n^aa  am‘lgC'  Thcrcforc  d'°dc  D  is  introduced,  so  Vx  =  0.9.  will  not  be  sufficient  to 
am  c  y,  and  diode  D.  Therefore  Q,  and  D  arc  cutoff. 


The  circuit  condition  without  D  and  R4  is  shown  in  Fig.  13.31. 


Fig.  13.31 

Function  of  Resistor  R4 


Remember  basic  point  that  even  though  all  transistors  are  fabricated  at  same  time,  one  cannot 
guarantee  about  cliaracleristics  of  transistor  that  it  will  be  identical. 

So  let's  consider  Q2  is  slow  and  Q,  is  fast. 

When  input  to  A  =  B  =  1  transistor  OFF  operates  in  inverse  mode,  Q3  is  ON  and  thcrcforc  Q,  is 
ON.  Q.  is  OFF.  Now  let's  say  inputs  are  changed  from  1  to  0.  Therefore  A  =  B  =  0.  As  inputs  arc  0.  Q, 
will  try  to  come  out  of  saturation  and  will  try  to  go  into  saturation.  As  Q,  is  faster  it  will  saturate  fast. 
But  as  Q,  is  slow  it  w  ill  take  sometime  to  conic  out  of  saturation,  therefore  for  sometime  Q,  and  Q,  both 
are  ON.  This  may  force  large  current  and  damage  transistor  Q2  and  Q3,  therefore  as  a  current  limit  R.  is 

introduced. 

Secondly  R4  provides  current  limit  if  output  is  grounded  accidentally. 


13.5.2  Transfer  Characteristic  of  TTL  Gate  : 

Transfer  characteristic  give  us  relationship  between  input  given  and  output  appeared.  It  shows  valid 
region  for  operating  TTL  gates.  Fig.  13.32  shows  x'  fer  (Transfer)  characteristic. 
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Refer  both  the  figures  for  explanation 

(1)  V,<V  : 

^  ^  I<:  ^  »  transistor  Q2  and  Q3  are  turned  off.  This  causes  transistor  Q,to  conduct  and  output  is 
logic  1.  ‘  IF 


Vo  =  V0H  =  vcc  -  VBE1  -  VF  =  5  -  0.7  -  0.7  =  3.6  V. 

(2)  Vj>Vc: 

Transistor  Q2  and  Q3  conducts.  Q,  is  OFF  and  output  is  at  logic  0.  Output  logic  0  is  determined  by 
saturation  resistance  of  Q2  and  current  sink. 

(3)  va  <  yl  <  vc  . 

This  region  is  transition  region.  At  point  a  in  Fig.  13.32(a).  Q4  base  current  is  gradually  diverted  from 
emitter  of  Q4  to  collector  of  Q4.  This  conduction  occurs  at  approx.  0.7  V.  Q3  is  now  operating  in 
linear  region  with  gain  from  input  to  collector  determined  by  /R,.  As  Q,  is  ON  the  output  follows 
characteristic  of  Q,  and  therefore  decreases  at  slope  of  1.6  (at  a  to  b).  At  point  b.  input  is  high  enough 
to  cause  Q2  to  conduct,  therefore  gain  of  Q3  increases  hence  steep  slope  region  between  points  b  and  c. 
Q2  turns  off  at  point  C  and  output  is  at  logic  0. 


V0 

Multimeter 


(a)  Transfer  characteristic 


(b)  Circuit  diagram 


Fig.  13.32 

13.5.3  Current  Sink  and  Source  in  TTL  : 

To  understand  current  sink  and  source  let's  connect  load  NAND  gate  to  driver  NAND  gate. 

Current  Sink  : 

Fig  13.33  shows  output  of  driver  gate  connected  toload  gate.  Inputs  to  driver  gate  are  A  =  B  =  1  (not 
shown),  therefore  Q3  and  Q2  are  ON,  Q,  and  diode  D  are  OFF,  thus  produce  LOW  logic  at  the  output 

Because  of  LOW  logic  input  to  load  gate  CL,  load  gate  works  in  normal  mode  and  current  flows  from 
Vcc,  R,  (load  gate),  lias  emitter  junction  (load  gate)  to  link  and  to  Q2  (driver  gate).  So  with  respect  to 
driver  current,  entering  into  output  terminal,  therefore  current  is  called  sink  current.  Driver  gate  ’sinks’ 
current  from  load  gate. 
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Fig.  13.33 

Current  Source : 


Fig.  13.34 

When  input  A  =  B  =  0  to  driver  gate  input,  Q3  (driver  gate)  is  OFF  therefore  Q:  (driver  gate)  is  also 
OFF  Vx  =  Vcc,  tlicrefore  drives  Q,  and  diode  D  in  ON  state.  Thus  V0  of  driver  gate  is  at  logic  1. 

As  input  to  load  gate  is  logic  1,  Q4  works  in  inverse  mode.  The  flow  of  current  (l  source)  is  from 
V  ,  R4  (driver  gate),  Q,  (driver  gate),  diode  d  (driver  gate)  to  c,c2  (load  gate).  With  respect  to  driver  gate 

ouTcnlis  flowing  out  of  the  output  terminal,  therefore  it  is  called  source  current.  Driver  gate  sourcing  load 
gate. 


13.5.4  Clamping  Diode  : 

Fig.  13.35  shows  clamp  diode  connected  to  emitters  of  transistor  Q4. 
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Working  : 

At  normal  HIGH  ox  LOW  level  inputs-A  and  B,  diodes  C,  and  C-,  are  reverse  biased  and 
will  not  be  in  picture. 

Problem  :  But  when  transition  occurs  (transition  is  made  up  of  high  frequency  harmonic  components),  any 
inductance  associated  with  load  causes  ringing  (high  frequency  oscillations)  as  shown  in  Fig.  13.36. 

vcc  ~  1 - - 

GND-0 _  _  0 

(a)  Expected  wave  (b)  Wave  with  ringing 

Fig.  13.36 


Case  II :  When  ringing  is  on  positive  side  voltage  is  greater  than  5.  More  positive  voltage  will  reverse 

bias  emitter  base  junction  of  input  transistor  Q4.  Base  resistance  R,  limits  the  current  and 

thus  protects  input  circuit. 

Case  III :  But  when  ringing  is  on  negative  side,  going  below  ground  level,  emitter  of  Q4  is  pulled  more 
negative,  this  will  forward  bias  Q,  more,  therefore  it  goes  into  hard  saturation.  This  will  lead 

undesired  voltage  spike  at  other  node  and  can  damage  the  chip.  .\  diodes  (clamp)  at  the  input 
'clamps'  (cuts)  the  ringing  pulses  and  limits  to  maximum  -  0.7V  on  negative  side. 
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13.5.5  Maximum  Characteristic  for  Standard  54/74  TTL  at  T 


Sr.  No. 

Parameter 

Typical  values 

(1) 

VOH  /VOL 

3. 5/0. 2 V 

(2) 

1.5/0.5V 

(3) 

nmh/nml 

2/0.3V 

(4) 

Logic  swing 

3.3V 

(5) 

Supply 

+5V 

(6) 

Fan-out 

10 

(7) 

Ld 

10  nsec 

(8) 

P.D. 

10  mw 

Table  3 
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* 


Dower  rnnc"C  ‘T"'"*01'  °r,hc  first  bipolar  TTL  family,  system  designer  have  wanted  more  speed,  less 
Le  -  T  3  corabinalion  •«»  attributes.  With  this,  there  were  many  development  in  the 
.1  manu  acturtng  technologies.  Circuit  design  techniques  were  also  advanced.  These  all 
development  led  to  new  subfamilies  of  TTL. 

Presently  following  bipolar  families  are  available. 


(1) TTL  DM  54/DM  74. 

(2)  Low  power  TTL  DM  54  L 

(3)  Low  power  Schottky  DM  54  LS/DM  74  LS. 

(4)  Advanced  low  power  Schottky  DM  54  ALS/  DM  74  ALS 

(5)  Schottky  DM  54  S  /  DM  74  S 

(6)  Advanced  Schottky  DM  54  AS/DM  74  AS 

(7)  Fast _ DM  54  F/  DM  74  F. _ 

Note  :  54  series  is  for  military  grade 

_ 74  series  is  for  commercial  industrial  grade. _ 

The  main  difference  between  two  series  is  temperature  range  and  power  supply  fluctuation. 
Temperature  range  for  military /Aerospace  54  series  is  -  55°  C  to+  125°  C 
Temperature  range  for  commercial  /  industrial  74  series  is  0°  C  to  70°  C. 

Power  supply  fluctuation  valid  for  54  series  is  10%. 

Power  supply  fluctuation  valid  for  74  series  is  5  % 


*  13.6.1  TTL  Logic  (DM  54/DM  74)  : 


We  have  studied  about  the  TTL  logic  just  now.  It  was  first  saturated  logic  integrated  circuit.  It  offers 
combination  of  speed,  pow'er  consumption,  output  sources  and  sink  capabilities.  The  basic  gate  features 
multi  -  emitter  configuration  for  fast  switching  speed,  active  pullup  output  to  provide  low  driving  source 
impedance  wliich  also  improves  noise  margin  and  device  speed.  Typical  power  dissipation  is  10  mw  per 
gate  and  typical  propagation  delay  10  r|sec.  When  driving  10  PF/400D  load. 
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tels  to'i/io  ofm.  nlmliv by  ,c"ro,d  TlKrer°rc  p  D  <P°"cr  dISS'P»'™'> » 
(2)  Speed  is  sacrificed  al  Use  cost  of  power.  lpJ  increased  three  fold. 

T'P'Cnl  PD-  =  ltmv  per  gate. 


lPa 


33  r|  see. 


13.6.3  High  Speed  TTL  : 


of  TTL  we  can  tin  C<1S'nk  l*lc  P°^cr  dissipation  will  increase  the  speed.  To  improve  transient  response 
development  of  high  Ipced  m  ^  ^  ™S  """ki"8  pr°"’P'Cd  ,hc 

includes  Dirlimww  addition  to  decreased  resistances,  the  output  high  tl riser  section 

»„CC  Pn‘r  COnr'SUrmi0n-  D,IC  10  lhis  "'°re  will  be  sourced  for  charging  load 


13.7  Schottkv  TTL  : 


A  Schottky -barrier  diode  (SBD)  is  a  metal  semiconductor  (usually  MN)  rectifying  junction 

13.7.1  Schottky-Clamped  BJT  : 

As  shown.  SBD  is  connected  between  base  and 
collector  of  a  BJT.  SBD  is  incorporated  as  a  clamp  to 
divert  excess  base  current  and  to  prevent  transistor  from 
reaching  deep  saturation.  The  advantage  of  the 
decreased  switching  time  of  the  SBJT  is  essentially 
accomplished  with  no  additional  fabrication.  The  only 
difference  between  the  SBJT  and  the  regular  BJT  is 
that,  the  base  region  metal  contact  is  extended  to 
overlap  part  of  the  collector  N-region.  Hence,  the  MN 
junction  appearing  between  the  base  and  collector 
terminals  is  simply  the  base  metal  in  contact  with 
collector  N-region. 

The  schottky  gate  input  and  internal  circuit  resembles  saturated  standard  TTL  gate  except  resistor 
values  are  half  of  TTL  value.  Output  has  darlington  pair  for  pull  up,  as  shown  in  Fig.  13.38. 

Typical  P.D.  =  20  mw  per  gate. 

tpd  =  Three  times  as  first  as  TTL,  3  i]  sec  with  load  15  PF/  280  £1 
V0J  =  2.0  V  VIL  =  0,8  V 

V0H  =  2-7  V  Vol  =  0  5  V 

Note  that  all  the  BJTs  except  Q5,  are  SBJTs.  Input  clamp  diodes  are  replaced  by  SBDs.  Diode  D  in 
totempolc  stage  has  been  replaced  by  Q5.  Transistor  Q4  and  Q5  make  up  a  darlington  pair  operating  as  an 
emitter  follower.  This  arrangement  provides  more  source  current  to  charge  the  load  capacitance  when  the 
driver  output  is  switched  LOW-to-HIGH,  thus  reducing  the  transition  time. 

Riusp.i  \  .  \  r 
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(a)  Transistor  and 
schottky  barrier 
diode  clamp 


(b)  Symbol  for 
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with  clamp 


Fig.  13.37 


.Digital 


Fi}j.  13.38  :  Schottky  TTL  74S00  series  NAND  gate 

13.7.2  Low  Power  STTL  (LSTTL)  : 

Power  dissipation  of  STTL  was  twice  that  or  standard  TTL.  This  problem  prompted  the  development 
of  Low  power  STTL. 

Large  Resistors  : 

LSTTL  resistor  values  are  approximately  ten  times  of  STTL  values.  This  leads  to  1/10  of  current  and 
approximately  1/10  of  power  dissipation  ■  compared  to  TTL.  However,  fan-out  is  reduced  and  propagtion 
delay  time  is  increased. 

Diode  Input  Section  : 

Main  intention  behind  using  multiemitter  input  transistor  was  to  aid  in  stored  charge  removal  from  the 
base  of  Qj.  Since  the  SJBTs  being  utilized  do  not  saturate,  this  is  no  longer  necessary.  Thus  returning 

back  to  a  Schottky  diode  input. 

Advantage  of  using  diode  is  : 

The  Schottky  input  diodes  require  about  1/3  of  the  Silicon  surface  area  of  multicmittcr  resistor.  This 
reduces  input  parasitic  capacitance. 

13.7.3  Advanced  LSTTL  (ALSTTL)  : 

Descriptions  :  The  advanced  low  power  schottky  family  is  one  of  the  most  advanced  TTL  family.  It 
delivers  twice  the  data  handling  efficiency  and  still  provides  upto  50%  reduction  in  power  consumption 
compared  to  LS  family.  This  is  possible  because  of  new  process  where  components  arc  isolated  by  a 
selectively  grown  thick  oxide  layer  rather  than  N  junction  used  in  conventional  process,  the  refined  process, 
coupled  with  improved  circuit  design  technique  yields  smaller  component  geometry  ’s,  shallower  diffusion 
and  lower  junction  capacitance.  This  enables  device  to  have  increased  fT  in  excess  of  5  GHz  sw  itching  speed 


■  '  i 
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by  factor  ol  two.  while  offering  much  lower  operating  currents.  But  at  the  same  time  ALS  devices  arc  more 
succptiblc  to  damage  from  electrostatic  discharges.  Additional  protection  via  base  emitter  shorted  transistor 
is  included  at  the  input  for  rapid  discharge  of  high  voltage  static  electricity. 

Inputs  and  outputs  arc  clamped  to  suppress  excessive  ringing.  A  buried  hC  guard  ring  around  all 
inputs  and  output  structure  prevents  crosstalk. 


13.7.4  Fairchild  Advanced  Schottky  TTL  (Fast)  : 

FAST  (Fairchild  advanced  schottky  TTL)  circuits  are  made  with  the  advanced  isoplanar  II  process, 

"hich  produces  transistors  with  very  high,  well  controlled  switching  speeds,  ev".i..cly  small  parasitic 
capacitance  s.  and  fT  in  excess  of  5  MHz. 

In  the  isoplanar  process,  components  are  isolated  by  a  selectively  grown  thick  oxide  rather  than  p' 
isolation  region  used  in  the  planar  process.  Since  the  oxide  needs  no  separation  from  the  base  -  collector 
regions,  component  and  chip  sizes  are  substantially  reduced.  The  base  and  emitter  ends  terminate  in  the 
oxide  wall  ,  masks  can  thus  overlap  device  area  into  isolation  oxide.  This  overlap  feature  eliminates 
extremely  close  tolerances  normally  required  for  base  and  emitter  marking. 


13.7.5  Advanced  Schottky  TTL  (ASTTL)  : 


The  Final  and  most  complex  TTL  logic  family  is  ASTTL.  This  was  introduced  to  meet  need  of 
systems  designer  who  requires  ultimate  speed. 


1 3.8  Comparison  of  TTL  Families  : 


We  have  studied  subfamilies  of  TTL.  Let's  compare  all  the  families. 


Table  4  :  Typical  TTL  series  characteristics 


74 

74S 

74LS 

74  AS 

74ALS 

74F 

Performance  ratings : 

Propagation  delay  (ns) 

9 

o 

J 

9.5 

1.7 

4 

3 

Power  dissipation  (mW) 

10 

20 

2 

8 

1.2 

6 

Speed-power  product  (pJ) 

90 

60 

19 

13.6 

4.8 

18 

Max.clock  rate  (MHz) 

35 

125 

45 

200 

70 

100 

Fan-out  (same  series) 

10 

20 

20 

40 

20 

33 

Voltage  parameters : 

\r 

2.4 

2.7 

2.7 

2.5 

2.5 

2.5 

vOH  (min) 

\r 

0.4 

0.5 

0.5 

0.5 

0.4 

0.5 

vOL  (max) 

VIH  (min) 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0  | 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

Current  parameters : 

IoH  (min)  mA 

-0.4 

-  1 

-0.4 

_  2 

-0.4 

-  1 

l0L?min)mA 

16 

20 

8 

20 

8 

20  ! 

IlH  (max)  ^ 

40 

50 

20 

20 

20 

20  ! 

111,  (max)  mA _ _ _ 

-  1.6 

-2 

-0.4 

-0.5 

-0.1 

-0.6  1 
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provides  "av  °rc0n,pari"8  l0gic  familics  is  b>-  usi"8  ««ir  speed  power  product.  Fig.  13.39 

pro\  ides  graphical  representation  of  the  same. 


Fig.  13.39  :  Speed  power  product  comparison 

Each  of  the  logic  families  is  a  compromise  between  speed  and  power  consumption  the  speed  /  power 
product  is  approximately  a  constant,  a  decrease  in  the  power  consumption  must  be  trade  off  in  slowing 
dovi  n  the  device  and  vice-versa.  The  same  is  depicted  graphically  as  follows  : 

Speed  Power  Consumption 


Fastest  AS/F 

u  S 

ALS 

LS 

TIL 

'  L 

Slowest 


Low  L 

ALS 

LS 

F 

AS 

v 

TTL 

High  s 


Ex.  1  :  Calcualte  high  level  noise  margin  and  low  level  noise  margin  for  all  TTL  series. 


Soln.  :  High  level  noise  margin  =  VNH  =  V0H  (min)  -  VIH  (min) 

Low  level  noise  margin  =  VNL  =  V1L  (max)  -  V0L  (max) 

Table  5 


Parameter 

74 

74  S 

74LS 

74AS 

74ALS 

74F 

VNH 

0.4 

0.7 

0.7 

0.5 

0.5 

0.5 

VNl 

0.4 

0.3 

0.3 

0.3 

0.4 

’  0.3 

Ex.  2  :  Calculate  FAN-OUT  capability  of  the  different  TTL  series.  Note  that  driver  gate  and  driven 
gate  (load  gate)  are  from  that  family  only  ; 

Soln.  :  If  the  driver  and  load  gate  are  front  the  same  family  we  liave  two  equations 

Fan-out  (LOW)  = 

ML  (max) 

Fan-out  (HIGH)  = 

MH  (max) 
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Parameter 

74 

74  S 

74  LS 

74AS 

74ALS 

74  F 

Fan-out  (LOW) 

10 

10 

20 

40 

80 

=33 

Fan-out  (HIGH) 

10 

20 

20 

100 

20 

50 

i  M°te  :  To  find 
Ex.  3 

Soln.  :  The  example  specifically  asks  for  surf; 
fivo  standard  rules 

RltIc  1  :  Add 


outJinaj_fan-_out[  just  consider  the  lowest  value  from  fan-out  (LOW)  and  fan-out  (HIGH) 
How  many  74S  gates  will  be  driven  by  gate  of  74ALS  ? 


icing  two  different  logic  families  If  iLis  is  the  case  Follow 


p  the  I  iff  for  all  inputs  connected  to  an  output.  The  sum  must  he  less  than  the 
I  sm  t  sncci  fir  at  in  n 


Rule 


output  V  1()u  specification. 

Add  up  the  /f[  for  all  inputs  connected  to  an  output.  This  s 
output  s  l qj  specification. 


sum  must  he  less  than  the 


For  O'1'"  case,  we  have  all  74S  gates. 


fan-out  (HIGH)  =  (■»■»)  °f  74  ALS 

(max)  74  S 

0.4  mA  _  400 
50  pA  ~  50 

=  20 

fan-out  (LOW)  =  jo-Umin)  of  74  ALS 

^IL  (max)  of  74S 


8  mA 
2  mA 


=  4 


Final  fan-out  is  4. 


13.9  Important  Points  while  Handling  TTL  : 

While  working  with  TTL  family,  you  have  to  consider  few  practical  aspects.  Let's  make  this  session. 

question-answer  type. 

Q.  1  If  input  terminal  is  left  unconnected  what  will  happen  ? 

Ans.  :  If  in  TTL  circuit  input  is  left  unconnected  or  open,  it  acts  like  a  logical  1  applied  to  that  input 
Reason  is.  emitter-base  junction  or  diode  at  the  input  will  not  be  forward-biased,  when  you  apply 
logical  1  or  you  keep  terminal  floating  or  open. 

Q.2  What  about  unused  inputs  of  TTL  gate  ? 

Ans.  :  Many  times  it  may  happen  that,  we  will  not  require  all  the  input  terminals  of  the  gate  For 
example,  for  4  input  AND  gate,  we  may  use  only  7  inputs.  Fourth  we  don't  require.  In  such  case 
you  have  following  options 

1.  Either  keep  that  terminal  foaling  (Norrmally,  this  option  is  not  most  widely  used). 


\ 


\  \ 
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Fig.  13.40  (a) .  Connected  to  proper 
logic-level 


Fig.  13.41  :  Shared  with  any  input  terminal 
(Tied-together  inputs) 


lit  third  option, 
common  input  will 
input. 


"C  an“ hv0  ^or  niorc)  TT'L  inputs  on  the  same  gate  to  form  common  input.  The 
generally  represent  a  load  that  is  the  sum  of  the  load  current  rating  of  each  individual 


(?~?  Do  we  come  across  problem  of  current  transients  in  TTL  logic  ? 

Ans.  ;  Yes,  we  do  have  problem  of  current  transients  in  TTL  due  to  TOTEM  POLE  structure.  Refer 


+  5V 


Fig.  13.42  :  A  large  current  spike  is  drawn  from  vcc  when  a  totem-pole 
output  switches  from  LOW  to  HIGH 


Operation  : 

When  output  is  switching  from  the  LOW  state  to  the  HIGH  state  ;  Q3  changes  state  from  OFF  to  ON 
and  Q4  from  ON  to  OFF.  Previously,  Q4  is  in  saturation  condition,  therefore  it  will  take  more  time  tp 
change  the  state  compared  to  Q3.  Therefore,  for  a  very  short  duration  (typ  2  r\  sec) ;  both  the  transistors  arc 
ON  and  draws  large  current  at  time  tj,  from  the  power  supply.  The  effect  is  more  severe  if  load  capacitance 
C  is  more.  These  spikes  can  cause  serious  malfunctions  during  switching  transition. 
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rnri  -  capacitors  connected  from  Vrr  to  ground  These 

u,ca:  hie" fraw  ™s 
1,  1n  s  ”c  *>P'ca!  value  of  capacitor  is  0, 1  (o  0.001  jiF  disc  type. 

JiLJ 0 ^pj^^erand  Meaning : 


DM  54  LS 


00 


I  /883 


“►  M/I.  -  STD  -  883/C 
Package  outline 

J  =  Ceramic  Dual  in  line  package 
W  =  Ceramic  Flat  package 
E  =  Ceramic  Lcadless  chip  Carrier  package 
-*•  Device  number 


->  Military  device  family 
-►Digital  monolithic 


54LS  00  D  M  Qfi 

^ - ►  M/L  -  STD  -  883/C 

- - ►  Military 

Package  outline 

►  D  =  Ceramic  Dual  in  line  package 
F  =  Ceramic  flat  package 
L  =  Ceramic  leadless  chip  carrier  package 

- ►  Device  number 

— - ►  Military  device  family 


DM  74LS  241  N  At 

^ - ►  Commercial  bum  in 

- ►  Package 

N  -  Plastic 
M - SOLC 
J  -  Ceramic 

- ►  Device  number 

- ►  Commercial  /  Device  family 

— - ►  Digital  monolithic 


13.11  Open  Collector : 

In  this  type  of  gates  totem  pole  output  stage  is  removed.  Only  transistor  Q2  is  present  and  its  collector^ 
is  left  open  as  shown  iri  Fig.  13.43, 

Transistor  O,,  diode  D  and  resistor  R4  is  removed  from  the  standard  TTL  circuit.  Normally  one 
should  connect  external  resistance  at  collector.  'Dus  resistance  is  called  pull  up  resistance. 

Functionally  it  is  same  as  TIL, 

««  t  ■  I'M"??  *  f!  *\  i  !  •  *  f^t!  *  **  *  «  I*  *  to-  i  v 

Scanned  by  CamScanner 


Vhen  A  B  1,  Q4  works  in  inverse  mode,  therefore  Q3  is  ON,  therefore  Q-,  is  ON.  Q-,  is  in 
saturation  and  pulls  output  voltage  to  ground. 

When  A  .  =  B  =  0  or  either  the  input  A  or  B  is  0,  Q4  works  in  normal  mode.  Therefore  Q3  is  OFF 
therefore  Q2  is  OFF  and  acts  as  open  circuit. 

Choice  of  pull  up  resistance  depends  upon  choice  of  designer,  but  one  should  not  cross  Ic(nrix  }  of 
transistor  Q2.  Normally  resistance  value  selected  in  the  range  of  1  kQ  to  5  kH  for  fanout  of  approx.  7. 


But  if  we  want  to  calculate  value  of  R,  then  we  have  to  perform  some  calculation.  Suppose  this  device 
is  suppose  to  drive  5  TTL  gates  (Standard  TTL)  then  what  will  be  the  value  of  R  ? 

5  TTL  load  we  have  to  drive,  therefore  fan-out  =  5. 

fan-out  =  ~~ 

ML 


IIL  for  standard  TTL  logic  is  1.6  niAmp. 

fan-out  = 


Now'  apply  KVL 


5  = 

Vcc  = 

5-0.2  V 

8  mA 


I, 


OL 

IlL 


I, 


OL 


1.6  mA 
REXt  x 
R, 


“EXT 


;  *ol  =  8  mA. 
I0L  +  0  2  V 


4>8 

8  mA 


=  600  Q 


The  disadvantages  of  open  collector  gate  is  their  slow'  switching  speed,  because  normally  pull  up 
resistance  lias  value  in  kQ,  vvliich  results  in  relatively  long  time  constant  when  it  is  multiplied  by  stray 
output  capacitance. 

But  the  main  advantage  of  open  collector  gate  is  for  Wire  ANDing.  Before  we  discuss  about  wire 

ANDing,  let’s  see  current  parameter  for  open  collector  gate. 

ICKX  (output  leakage  current) :  The  current  flowing  into  an  open  collector  output  when  output  is  at 

logic  high  state.  This  test  checks  reverse  breakdown  of  the  output  transistor. 
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_13.12  WireANDinq  : 


°UlPUI  °r8n,CS  l°  °bUli"  AND  funclion  This  should  be  used  10  ^asc  two  levels  of 

advantages  such  asSS0C'alCd  ^  HCrC  y°“  **  qUeSti0"  lhal  '°lCm  polc  oulpul  tas  fo"°"'i"S 

(1)  Low  output  impedance  in  both  states. 

(2)  Drives  capacitive  load. 

(J)  Low  noise  susceptibility  (high  noise  immunity). 

(L)  Highspeed. 

AWingln^L  gate'  PrCfCm:d  f°r  ^  ANDi"g  ?  BCf°re  C°min8  “  U,e  answcr-  lct's  nrsl  pcrfon”  wire 


Fig.  13.44  :  Wire  ANDing  using  DTL  gate 

Fig.  13.44,  Wire  ANDing  using  DTL  gates.  Output  of  gate  1  and  gate  2,  i.c.,  V0l  and  V0,  is  tied 
together  to  obtain  VQ(finaI) 

Actually  if  we  observe,  by  tieing  output  of  DTL  gate,  output  stage  transistors  Q,  and  Q,‘  arc  coming 
in  parallel  as  shown  in  Fig.  13.45. 


I 

i  "H  IV'  »  ■  < 
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Working 

Case  I  : 


Case  II : 


Case  III 


Case  IV : 


Fig.  13.45 

V».  =  0  Vo2  =  0 

means  Q,  is  ON  as  Vol  is  0,  Q  '  is  also  ON  as 

Vo2  =  0. 

‘  '  Vo  (final)  =  0 


Voi=0Vo2  =  0 


^o(final)  Q 


voi  =  0  vo2  =  1 

Means  Q,is  ON  as  Vol  is  0,  Q,'  is  OFF  (Q\  acts  as 
open  switch  as)  Vo2  =  1.  But  as  Q,  and  Q,'  are  in 
parallel,  V0(flnal)  with  respect  to  ground  will  be  0  i.e. 


V, 


CE  (sat) 


Vo]  =  l 


=  0.  2V  =  logic  0. 


Vol=0Vo2=l 


^o(final)  Q 


vo2  =  0 


Means  Q,  is  OFF  (acts  as  open  switch)  as  Vol  is  1, 
Q',  is  ON  as  Vo2  =  0.  But  both  transistors  are  in 
parallel  so  that  V0(fmal)  with  respect  to  ground  is  'O'  or 

=  0.2V. 


^CE(sat) 

V„,  =  1 


Vol  =  l  vo2  =  0 


^O(final)  Q 


Vo2=l 


circuit. 

•  V  =1 

•  *  V  o  (final) 

Now  lei's  combine  all  results 


V„,=  l  V„,=  1=>V, 


O(final) 


=  1 


Vol 

Vo2 

^o( final) 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

gate  truth  table. 

It  means  that  we  get  the  same  output  if  we  give  V01  and  V( 


i- 
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to  an  AND  gate.  Just  tieing  output  together  can  give  us  output  which  is  equal  to  truth  table  of  AND 

eventhough  AND  gate  is  not  present  is  called  wire  ANDing.  Therefore  we  are  assuming  that  virtually  AND 
gate  is  present  and  this  is  shown  in  Fig.  13.44  (dotted  AND  gate.) 

Now  let's  try  to  implement  wire  ANDing  in  TTL  family  gate. 

Let's  analyse  the  working. 

When  V0]  and  VQ2  are  at  0  logic.transistor  Q2  and  Q’2  are  ON.  =  0. 

When  V0]  -  VD2  =  1,  transistor  Q2  and  Q2  arc  OFF  and  transistor  Q,  and  Q[  conducts 
Vo(finai  )=  *•  Let's  consider  v01  =  1  and  V02  =  0. 

Therefore  transistor  Q,  and  diode  D  is  conducting  as  V0]  =  1 

Transistor  Q  2  conducts  in  gate  2  as  V02  =  0.  Because  of  this,  current  I  will  flow  from  Vcc,  R4,  Q,,  D 
and  Q2.  This  current  I  is  large  and  it  may  damage  the  gate.  If  the  gate  is  not  damaged  then  output  is 
unpredictable.  Therefore  this  type  of  wire  ANDing  should  be  prohibited. 


Remember  :  In  TTL  logic  output  should  not  be  short.  Otherwise  gate  may  get  damaged. 


] 


But  now  in  TTL  if  we  have  open  collector  output  we  can  use  wire  ANDing  function  let's  see  the 
Fig.  13.47  for  the  same. 


'cc 


(a)  Wire  ANDing  using  open  collector  (b)  Wire  ANDing  using  logical  symbol 

Fig.  13.47 

As  shown  in  Fig.  13.47  (a),  TTL  NAND  gate  output  is  tied  together  with  external  pull  up  resistance. 

Choice  of  the  resistance  depends  upon  designer.  J/N1  .  .  „  . 

Observing  diagram  carefully  we  will  come  to  know  that  transistor  Q:  and  Q  2  are  coming  in  parallel 
as  shown  in  Fig.  13.48,  like  DTL  gate. 
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Therefore  working  is  same  as  what  we  have  seen  in  DTL.  Thus  provides  wired  ANDing  as  shown  in 


Fig.  13.47  (b).  V01  =  AB 


v02  = 


CD  ,  then  V0(final)  =  AB 


T 


CD  =  AB  +  CD 


V0 

FINAL 


13.13  Tri-state  TTL  Device  : 


Fig.  13.49 
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Wc  have  seen  that  we  cannot  wire  AND  outputs  of  TTL  gate,  because  this  will  lead  us  to  high  current 
ow  in  the  output  stage  and  gate  may  destroy.  This  has  led  us  to  Tri-state  (three  state)  TTL  logic.  Using 
tn  state  gates  one  can  connect  totem  pole  output  directly  without  destroying  any  device.  Basic  reason 
c  und  not  using  open  collector  gate  is  the  low  speed.  Fig.  13.49  shows  circuit  of  tri-state  inverter. 

Working  : 

Case  I  :  LOW  disable  input  't 

When  disable  =  0,  Q6  conducts  and  therefore  Q7  is  OFF.  As  Q7  is  OFF.  Q„  is  also  OFF.  This  forces 
second  emitter  e2  of  Q,  transistor  and  cathode  of  diode  D  to  float 
(a)  If  A  =  0. 

As  A  -  0,  transistor  Q,  works  in  normal  mode, 

Therefore  Q2  is  OFF,  giving  high  logic  at  point  X.  VX  =  Vcc  -  VBE3  -  VBE4  =  Logic  1. 


(b) 


A  =  0  ,  Y  =  1 


If  A=  1 

Transistor  Q,  works  in  inverse  mode,  therefore  Q2  conducts.  This  forces  potential  at  point  Y 
sufficient  to  drive  Q5  transistor  in  saturation.  Therefore  Vx  =  Vy  +  VCE2  (Sat)  =  0.2  +  0.7  =  0.9V. 
This  voltage  is  not  sufficient  to  drive  transistor  Q3  and  Q*  in  conduction. 


Therefore  Q3  -  Q4  -  OFF.  As  Q5  is  in  saturation.  Output  Y  =  0. 


A  =  1.  Y  =  0 


Case  II :  HIGH  disable  input. 

When  disable  =  1,  Q6  is  OFF.  This  turns  ON  Q7.  Q7  in  turn  switches  ON  Qg,  now  Qg  is  in 
saturation. 

Therefore  potential  at  X  point  is  Vx  =  VD  +  VEEg  (sat)  as  diode  D  is  forward  biased. 

VD  =  Forward  drop  of  diode  D 
^ce8  (Sat)  “  0.2  V  as  Qg  is  ON. 

Vx  =  0.7  +  0.2  =  0.9V.  This  is  not  sufficient  to  drive  Q3  and  Q*. 

Potential  at  VY  is  also  less,  therefore  Q5  is  also  OFF. 

With  Q4  and  Q5  cutoff,  the  output  Y  is  Floating.  Therefore,  impedance  looking  back  into  Y 
approaches  infinite.  This  state  is  called  as  High  Impedance  or  Hi  -  Z  condition. 

This  is  also  third  state  of  TTL  device.  Therefore  also  called  tri-state 


Disable  =  1,  A  =  X,  Y  =  Hi-Z 


Let's  summarize  the  result. 


Inputs 

Output 

Disable 

A 

Y 

0 

0 

1 

0 

1 

0 

1 

X 

Hi-Z 

(floating) 

Table 

7 

A  o- 


-oY 


Disable 


Fig.  13.50 


The  symbol  for  the  same  is  shown  in  Fig.  13.49(b). 

Disable  terminal  can  be  active  low  also.  Symbol  is  as  shown  in  Fig.  13.50. 

13.13.1  Tri-State  Buffer  : 

Buffer  is  a  device  used  to  increase  driving  capacity  of  gate.  Boolean  expression  for  output  ts  Y  -  A 
means  whatever  is  the  input  that  is  the  output.  But  with  more  output  cuirent. 
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Inputs 

Output 

Disable 

A 

Y 

ao - r 

> - oY 

0 

0 

1 

A  0 - - 

► - fi 

> - < 

0 

1 

0 

Disable 

iUz 

1 

X 

Hi-Z 

Disable 

0 - 1 

J 

r 

-oB 


Fig.  13.51  (a)  Fig.  13.51  (b)  Fig.  13.51  (c) 

..  ^u^cr  "c  have  seen  just  now  is  uni-dircctional  buffer.  We  can  also  have  bi-direction  buffer.  Bi- 
lrectiona  means  data  flow  can  be  from  either  of  the  direction  depending  upon  disable  pin  status. 

As  shown  two  tri-state  buffers  are  connected  parallely  opposite. 

Working  : 

(1)  Disable  -  0,  B,  buffer  will  be  enable  and  B2  is  disabled  so  acts  as  open  switch,  therefore  data  flow  is 
from  A  to  B.  Refer  Fig.  13.52(a). 

(2)  Disable  -  1,  B2  buffer  is  enabled  and  B,  is  disabled,  so  B,  acts  a  open  switch,  therefore  data  flow  is 
from  B  to  A.  Refer  Fig.  13.52(b). 

B. 


A 

o- 


B 


1 

I - ~T  ~  | 

I _ I 


B 

-o 


Ao- 


Disable 


r - 

- V 

* - - 

■  ■■  < 

\ 

1 - 

f 

-o  B 


Fig.  13.52  (a) 


Application  : 


Fig.  13.52  (b) 
4  bit  wide  bus 


Register  A 
A3  A2  A1  Aq 


Disable 

i 

A 


Register  B 
83  B2  B1  B0 


Disable 
B 


Common  bus 

Fig.  13.53  :  Bus  organised  structure  using  tri-state  buffer 
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c .  Fn  S,n,c  bufTcrs  arc  most  widc|v  used  in  computer  or  microprocessor  based  system. 

[)CK  ,S  S,nglc  bws  (S  blt  0r  10  bit  "idc)  for  carrv>ng  data  from  one  chip  to  other  chip  OutmmTr 
a“  ,h,s  ch*Ps  connected  to  a  single  bus  only  as  shown  in  Fig.  13.53.  ‘  '  "S  °f 

(1)  Output*  A,  A,  A,  A0  of  register  A  is  connected  to  Bus  through  tri-state  buffer.  Outputs  B.  B, 
B0  of  register  B  is  also  connected  to  same  bus.  1  2 


(2) 


(3) 


Initially  Disable,  A  Disable  B  -  1 .  Therefore  all  buffers  arc  deactivated  and  acts  as  open  switch. 
3  hcreforc  no  data  is  present  on  bus. 

If  we  want  output  of  register  A.  make  disable  A  =  0  disable  B  =  1.  Therefore  tri-slate  buffers  of  A 
register  will  be  enabled  and  for  B  it  will  be  disabled.  Therefore  contents  A,  A  ,  A,  A„  will  appear 
on  Bus. 


(4)  If  we  want  output  of  register  B,  make  disable  A  =  1  disable-  B  =  0.  Therefore 
Tri  -  state  buffers  of  B  will  get  enabled  and  that  of  A  arc  disabled.  Contents  B,  B,  B,  B„  will 
appear  on  bus. 

(5)  Precaution  should  be  taken  that  disable  A  and  disable  B  should  not  be  low  at  same  time. 

The  structure  shown  in  Fig.  13.53  is  called  Bus  organized  structure. 

Current  parameter  for  tri-state  buffer. 

(1)  -  High  impedance  state  output  current : 

These  tests  guarantee  that  device  will  not  excessively  load  a  bus  line  when  the  device  output  is  put 
into  TRI  -  STATE  mode. 

(2)  I„7.II  (°r  Is|nk)  : 


The  current  flowing  out  of  an  output  terminal  when  output  is  in  tri-stale  condition,  and  the  outputs  of 
other  chip  interfaced  to  buffer  output,  produces  LOW  output. 

(3)  h/.L  (°r  ^source)  • 

The  current  flowing  out  of  an  output  terminal  when  output  is  in  tri-state  condition.  And  the  outputs 
of  other  chip  interfaced  to  buffer  output,  produces  HIGH  output. 


13.14  Emitter  Coupled  Logic  (ECL) : 


In  previously  seen  families  majority  was  having  drawback  of  slow’  speed.  The  basic  reason  was 
transistors  arc  driven  into  saturation,  resulting  more  propagation  delay.  ECL  gates  arc  having  non 
saturating  current  switch.  ECL  is  the  fastest  commercially  available  form  of  logic  gate. 

Reasons  for  high  speed  : 

(1)  Transistors  arc  not  driven  into  saturation,  thus  avoiding  storage  time  delays,  and  by  keeping  the 
logic  signal  swings  relatively  small  (about  0.K  V),  thus  reducing  the  time  required  to  charge  and 
discharge  load  and  parasitic  capacitances. 

(2)  Secondly  in  ECL,  saturation  is  avoided  by  using  BJT  differential  pair  as  a  current  switch. 
Presently  there  arc  two  popular  forms  of  ECL.  (1)  ECL  10  K.  (2)  ECL  1000  K. 
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The  basic  gate  circuit  of  ECL  10  K  family  is  as  shown  in  Fig.  13.54  (a) 


-k°aicfamilies 


(a)  Basic  ECL  gate 


(h)  Symbol 


Fig.  13.54 

ECL  gate  is  having  differential  amplifier  stage.  Output  of  differential  amplifier  given  to  emitter 
follower  circuit.  This  provides  low  output  impedance  and  also  buffering.  Two  outputs  arc  taken  VQ1  and 
V02  matches  with  NOR  and  OR  gate  respectively. 

Working  : 

(1)  When  either  of  the  input  A  or  B  is  high,  Q,  or  Q2  conducts  and  Q3  is  cutoff.  Hence  there  is  high  level 
at  X  pt,  which  will  drive  Q5  and  output  Y  =  1.  Therefore  it  is  OR  operation  Y  =  A  +  B 

Correspondingly  potential  at  w  point  will  be  low,  therefore  Q*  will  not  conduct  therefore  output 

Y  =  0.  Therefore  NOR  operation  Y  =  A  +  B 

(2)  When  A  =  B  =  0,  Q,  Q:  are  cutoff  and  Q3  conducts.  Potential  at  x  point  is  low,  therefore  Q5  is  OFF 
and  therefore  Y  =  0.  OR  operation  Y  =  A  +  B. 

Potential  at  point  w  is  high,  therefore  Q*  conducts  and  output  Y  =  1,  NOR  operation  Y  =  A  +  B 

At  the  output  stage  we  have  emitter  follower. 

Purpose  of  using  emitter  follower : 

(1)  They  shift  the  level  of  the  output  signals  by  one  VBE  drop. 

(2)  It  provides  low  output  impedance  and  with  the  large  output  currents  required  for  charging  load 
capacitances. 

OR  Transfer  Curve  : 

Fig.  13.55  shows  OR  transfer  characteristic. 
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NOR  Transfer  Curve  : 


Fig.  13.55 


ECL  10  K  series  is  slightly  slower;  it  features. 

-  Gate  propagation  delay  of  2  ns. 

-  Power  dissipation  25  mw  for  delay  -  power  product  of  50  pJ. 

-  Easier  to  use,  because  rise  and  fall  times  of  the  pulse  arc  made  longer,  thus  reducing  signal  coupling 
and  crosstalk,  between  adjacent  signal  lines. 

-  Speed  is  of  3.5  n  sec. 


.  t  wvr  t  •  ft  \  ’ 
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-  Gate  delay  of  0.75  n  see. 

-  Power  dissipation  40  mw/gatc.  for  delay-power  product  of  30  pj 

-  Speed  is  of  1  n  sec. 

Specifications  : 

For  MCEL  10.000  at  25°  C  following  are  the  worst  case  values  for  Vn ,  Vm,  VOI  and  VOH. 


V 


in  (min) 


=  -1.105  V 


il  (max)  1.475  V  V 
Vol  (max)  =  -  1-630  V  VOH  (max)  =  -  0.980  V 
NML  =  0.155  V  NMH  =  0.125  V 


Fan  Out : 


Output  resistance  of  ECL  gate  is  very  small.  DC  from  out  is  as  high  as  90  and  ac  fanout  is  limited 
to  10. 


Power  Dissipation  : 


Suppl)  current  and  gate  power  dissipation  of  unterminated  ECL  remain  relatively  constant  independent 
of  logic  state  of  the  gate.  Therefore  there  are  no  voltage  spikes  introduced  on  the  supply  line. 

_ _  Table  8 


Families 

Propagation  delay 
(ns) 

Power  Per  gate 
(mw) 

Speed-power 
Product  (pJ) 

ME  CL  10  K  H 

1 

25 

25 

MECL  (  10100,  10500  series 

2 

25 

50 

10  K  \  10200,  10600  series 

1.5 

25 

37 

MECL  VI 

1 

60 

60 

AS  TTL 

1.7 

8 

13.6 

ALSTTL 

4 

1.2 

4.8 

HCMOS 

8 

0.17 

1.4 

The  input  impedance  of  circuit  is  very  high,  because  of  differential  amplifier  at  input  side. 


Advantages  : 

(1)  Fastest  Logic. 

(2)  High  fan  out  due  to  high  Zin  and  low  Zout,  typically  25. 

(3)  Excellent  speed  power  product. 

(4)  Logic  flexibility  by  providing  2  outputs,  OR  and  NOR. 

Disadvantages  : 

(1)  Dissipates  large  stand  by  power. 

(2)  High  speed  generates  voltage  and  current  transients. 

(3)  Limited  logic  swing.  More  sensitive  to  environmental  noise. 
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MOSFET  (Metal  oxide  semiconductor  field  effect  transistor)  can  be  subgroup  into  two  types. 

(1)  Depletion  MOSFET. 

(2)  Enhancement  MOSFET. 

Enhancement  MOSFET  is  most  widely  used. 

In  that  we  have  PMOS  and  NMOs.  PMOS  technology  was  dominating  one,  but  because  NMOS 

th^PiurT  bC  made  smaller  and  operate  faster,  and  because,  NMOS  requires  lower  supply  voltages 

x  NMOS  is  most  widely  used.  But  PMOS  is  not  outdated  because  it  is  used  in  complementary 

MOS  or  CMOS  circuit. 

13.16  N— MOS  Inverter : 


Fig.  13.57  (a)  Fig.  13.57  (b) 

The  Fig.  13.57  (a)  shows  MOSFET  inverter  with  passive  load.  RD  is  adjusted  in  such  a  way  that 
when  .  •  . 

Vm  =  0->  MOSFET  OFF. 

Vin  =  1  ->  MOSFET  ON,  providing 
Sufficient  IDS  (drain  to  source  current). 

Thus  MOSFET  switches  between  saturation  and  cutoff  (Refer  Fig.  13.57  (b) ). 

We  can  also  connect  active  load ,  shown  in  Fig.  13.57  (b). 

With  MOSFET  technology,  it  is  easier  to  fabricate  a  MOSFET  than  a  resistor.  For  this,  another 
MOSFET  M,  is  used  as  load  for  M2.  Gate  of  M,  is  connected  to  supply,  therefore  it  is  always  ON  and  ^ 

behaves  as  resistor.  M,is  designed  in  such  a  way  that  it  should  act  as  resistor.  M2  should  act  as  switch. 

The  advantage  of  using  MOSFET  switch  and  load  is,  MOFET  requires  less  space  in  comparison  with 
TTL  (bipolar  device.)  therefore  higher  package  density. 
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A 

B 

X 

LOW  (0V) 

LOW 

HIGH 

HIGH  (+  5V) 

LOW 

HIGH 

LOW 

HIGH 

HIGH 

HIGH 

HIGH 

LOW 

Fig.  13.58  :  N-MOS  NAND  gate 
Qi  *s  act*nS  aS  load  resistance.  Q2  and  Q3  are  used  as  switches. 

1 .  A  =  B  =  0  or  either  A  =  0  or  B  =  0. 

In  above  cases,  respective  transistors,  i.e.  Q2  for  A  and  Q3  for  B,  will  be  OFF.  Thereby  presenting 

high  resistance  from  the  output  terminal  to  ground,  so  that  output  X  is  HIGH. 

2.  A  =  B  =  1  (or  +  5  V) 

Q2  and  Q3,  both  will  be  ON  ;  offering  low  impedance.  The  output  X  is  LOW. 

13.18  N-MOS  NOR  Gate: 


Qj  acts  as  load  resistance.Q2  and  Q3  will  act  as  simple  switch ;  connected  in  parallel. 
1.  A  =  B  =  1  or  either  A  =  1  or  B  =  1. 


2. 


A* 


In  above  cases,  respective  transistor  will  be  ON,  offering  LOW  impedance  and  forcing  output 
X  =  0. 

A  =  B  =  0. 

Q2  and  Q3,  both  will  be  OFF.  Therefore  output  X  goes  HIGH. 


Clearly,  tliis  is  NOR  operation. 

+  5V 


A 

B 

X 

LOW 

LOW 

HIGH 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

HIGH 

HIGH 

HIGH 

LOW 

Fig.  13.59  :  N-MOS  NOR  gate 
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13.19  Complementary  MOS  Logic  (CMOS) : 

P  un!°S/rily  USCS  b0th;  P  and  N  channel  MOSFET.  This  leads  to  several  advantages  over  the 
f  t  ™  families.  Generally,  CMOS  is  faster  and  consumes  less  power  than  other  MOS 

MOS  has  lower  package  density  and  slightly  complex  IC  fabrication  process. 

13.19.1  CMOS  Inverter  : 


Vin° - ♦ 


G 


vcc  °rVDD 


Mi 

P  Channel 


(a) 


+Mqd  or  ^CC 


(b) 


Fig.  13.60  :  CMOS  inverter 


The  basic  CMOS  circuit  is  the  inverter,  shown  in  Fig.  13.60.  It  consists  of  two  MOS  enhancement 
mode  transistors,  the  upper  is  P  channel  type,  the  lower  N  channel  type. 

The  power  supplies  for  CMOS  afe  call  VDD  and  Vss  or  Vcc  and  ground  depending  upon  manufacturer. 
VDD  and  Vss  are  carryover  from  conventional  MOS  circuits  and  stand  for  drain  and  source  supplies. 


Working  : 

(1)  When  Vm  =  LOW,  M2  is  off  but  M,  is  ON.  It  means  that  V0  is  equal  to  Vcc  or  HIGH  logic. 

(2)  When  Vin  =  HIGH,  Mj  is  ON  and  M,  is  OFF.  In  this  case  V0  =  Vss  =  GND. 

13.19.2  CMOS  NAND  Gate  : 

M,  and  are  P-MOSFETS.  M3  and  M4  are  N-MOSFETS. 

1 .  A  =  B  =  0  or  either  A  =  0  or  B  =  0. 

When  A  =  0,  Mj  =  ON  and  M3  =  OFF 
when  B  =  0,  M2  =  ON  and  M4  =  OFF. 
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herefore,  in  all  the  cases  either  M3  or  M4  or  both  are  OFF  ;  offering  HIGH  impedance. 

Therefore  output  Y  =  HIGH. 

2.  A  =  B  =  1. 


Mj  and  M2  are  OFF. 
Output  y  =  LOW. 


M3  and  M4  are  ON;  offering  low  resistance  from  output  terminal  to  ground. 


+  V 


DD 


Fig.  13.61  :  CMOS  NAND  gate 


13.19.3  CMOS  NOR  Gate: 


1. 


2. 


Mj  and  M2  are  P-channel 
When  A  =  0  -» 

A  =  1  -> 

When  B  =  0  — > 

B  =  1  -> 


MOSFET  in  series.  M3  and  M4  are  N  channel  MOSFETS  in  parallel 
Mj  =  ON  and  M3  =  OFF 
Mj  =  OFF  and  M3  =  ON 
M2  =  ON  and  M4  =  OFF 
M2  =  OFF  and  M4  =  ON. 


A  =  B  =  0 

Mj=  M2  =  ON  and  M3  =  M4  =  OFF.  So  we  have  HIGH  impedance  from  output  terminal  to  ground. 
Therefore  output  Y  =  HIGH. 

A  =  B  =  1  OR  either  A  =  1  or  B  =  1 . 

If  A  =  1,  M3  =  ON  and  if  B  =  1,  M4  =  ON.  Due  to  this  we  get  LOW  impedance  between  output 
terminal  and  ground.  Therefore  Output  Y  =  LOW. 

Till  this  point  we  have  studied  CMOS  INVERTER,  NAND  and  NOR  gates.  Here  we  should  ask  WIty 
one  should  go  for  CMOS  ? 

This  question  led  us  to  CMOS  characteristics. 
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Y 

LOW 

LOW 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 

LOW 

HIGH 

HIGH 

LOW 

Fig.  13.62  :  CMOS  NOR  gate 


13.20  CMOS  Characteristics  : 


Let  s  talk  about  characteristic  of  ideal  logic  family.  It  should  dissipate  no  power,  have  zero  propagation 
delay,  controlled  rise  and  fall  times,  and  have  noise  immunity  equal  to  50  %  of  the  logic  swing. 

The  properties  of  CMOS  begin  to  approach  these  ideal  characteristic. 

• 

First  CMOS  dissipates  low  power.  Typically  static  power  dissipated  is  10  q  to  per  gate  which  is  due 
to  How  of  leakage  currents.  The  active  power  depends  upon  power  supply  vobage,  frequency,  output  load 
and  input  rise  time,  but  typically  gate  dissipation  at  1  MHz  with  50  PF  load  is  less  than  10  nnv. 

Second,  the  propagation  delays  through  CMOS  are  short  through  not  quite  zero.  Depending  upon 
power  supply  voltage,  the  delay  through  a  typical  gate  is  on  the  order  of  25  q  sec  to  50  q  see. 

Third,  rise  time  and  fall  times  arc  controlled,  tending  to  ramp  rather  titan  step  functions.  Typically, 
rise  time  and  fall  limes  tend  to  be  20  to  40  %  longer  than  propagation  delay. 

Last,  but  not  least,  the  noise  immunity  approaches  50  %.  being  typically  45  %  of  the  full  logic  swing. 

Because  of  low  power  requirement,  normally  used  for  battery  operated  systems,  like  digital  wrist 
watches  and  portable  microcomputer  as  noise  immunity  is  more  normally  used  where  environment  is 
noisy. 

Only  problem  is  in  comparison  with  TTL,  CMOS  is  slower. 

13.20.1  Transfer  Characteristics  : 

As  shown  in  Fig.  13.63  when  input  is  low  output  voltage  is  in  high  state.  As  input  voltage  increases, 
output  remains  in  high  state  untill  a  threshold  is  reached.  As  0.45  Vcc  output  switches  to  LOW  state. 
Then  any  input  greater  than  0.45  Vcc.  the  output  is  at  LOW  state. 


.  _  ^  n;  .1  v  * 
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Fig.  13.63  :  Transfer  characteristic 


13.20.2  Noise  immunity  : 

0  45  y  '.CUdS  havc  a  Epical  noise  immunity  of  0.45  Vcc.  Tliis  means  that  spurious  input  which  is 
cc  css  a\\a>  from  VCC  or  ground  typically  will  not  propogate  through  the  system  as  an 

—  h°8'C  leVCl'  TWS  doesn,t  mcan  that  no  sigaal  at  all  will  appear  at  output  of  first  circuit.  In  fact 
.  ,  an  outPut  signal  as  a  result  of  spurious  input,  but  it  will  be  reduced  in  amplitude.  As  this 

gnal  propogates  through  the  system  it  will  be  attenuated  even  more  by  each  circuit  it  passes  through 
1  ma  y  isappears.  Typically  it  will  not  change  any  signal  to  opposite  logic  level. 

13.20.3  Unused  Inputs  OR  Floating  Inputs  : 

* 

„m„^hnernJTL1“put  is  ^“alinS’  '<  is  equivalent  to  high  input.  But  it  is  better  to  connect  input  either  to 
g  ound  or  Vcc,  to  prevent  floating  leads  to  pickup  stray  noise  in  the  environment. 

But  in  CMOS  unused  inputs  should  not  be  left  open,  because  of  very  high  impedance  (~  1012  O)  a 

nrnhlnS  T*  "T  d,?ft  bacJf  and  fo?  between  a  '°'  and  T  seating  some  very  intriguing  system 
*  Problems-  Therefore  3ll  unused  inputs  should  be  tied  to  Vcc  ground  or  another  used  input. 

13.20.4  Power  Supply  Filtering  : 


Since  CMOS  can  operate  over  a  large  range  of  power  supply  voltage  (3V  to  15  V),  the  filtering 
necessity  is  minimal.  The  minimum  power  supply  voltage  required  will  be  determined  by  Maximum 
frequency  of  operation  of  the  fastest  element  in  the  system.  The  filtering  should  be  designed  to  keep  the 
power  supply  somewhere  between  this  minimum  voltage  and  maximum  rated  voltage  the  parts  can  tolerate 

13.20.5  Electrostatic  Discharge  Prevention  : 

All  CMOS  devices  are  suceptible  to  damage  by  the  discharge  of  electrostatic  energy  between  the  two 
pins.  This  sensitivity  to  static  charge  is  due  to  the  fact  that  gate  input  capacitance  (5  PF  typical)  in  parallel 
with  very  high  resistance  (1012O)  leads  itself  to  high  input  impedance  and  hence  readily  builds  up 
electrostatic  charge.  If  precaution  is  not  taken  then  higher  voltage,  resulting  from  static  discharge,  is 
applied  to  the  device,  permanent  damage  like  short  to  subtract,  VDDpin.  Vss  pin,  or  output  can  occur. 

Even  if  you  remove  or  put  CMOS  device  when  power  is  ON,  transient  voltage  caused  by  inductive 
kickback  and  other  effects  may  exceed  the  gate  voltage  rating  ;  and  can  destroy  internal  insulating  layer  of 
‘  MOSFET. 


13.20.6  Protection  Circuits  :  v 

(1)  The  series  resistance  of  200  f2  using  p+  diffusion  helps  limit  the  current  when  tire  input  is  subjected  to 
a  high  voltage  zap. 
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Fig.  13.64 

Associated  with  this  resistance  is  distributed  diode  network  to  VDD  which  protects  against  positive 
transients. 

(2)  Transmission  gate  with  intrinsic  diodes  to  protect  against  static  discharge.  Refer  Fig.  13.65. 

?Gate  P  Channel 


IN/OUT  o 


«  OUT/IN 


Fig.  13.65 

No  additional  series  resistors  are  used  so  that  ON  resistance  of  transmission  gate  is  not  affected. 

13.20.7  Sourcing  and  Sinking  : 

When  a  standard  CMOS  driver  output  is  low.  the  input  current  to  CMOS  load  is  only  1  micro  amp 

i.e.  sink  current.  Same  way  when  driver  output  is  high,  CMOS  driver  sources  1  pA. 

*IL(max)  =  1  M  A  ^IH(max )  =  1  M  A- 

1 3.21  Handling  Guide  for  CMOS  Devices  : 


Extremely  liigh  static  voltages  generated  in  manufacturing  environment  can  destroy  even  the  optimally 
protected  devices  by  reaching  their  threshold  failure  energy  levels.  For  preventing  such  catastrophics. 
Simple  precaution  should  be  Liken. 

1.  In  handling  unmounted  chips,  care  should  be  taken  to  avoid  differences  in  voltage  potential 
between  pins.  Conductive  carriers  such  as  conductive  foams  or  conductive  rails  should  be  used  in  4 
transporting  devices. 

2.  Soldering  iron  tips,  mcLil  parts  of  features  and  tools,  and  handling  facilities  should  be  grounded. 

3.  Devices  should  not  be  removed  or  plugged  in  when  supply  is  ON. 

4.  Table  tops  should  be  covered  with  grounded  conductive  tops.  Also  test  tables  should  be  covered. 

5.  Do  not  exceed  the  maximum  ratings  specified  by  data  sheet. 

.  *  «-•  f  !'t  It  M  •  i»M  t  »  .1%  rr>  ill  >  \  -  *  *  *  »  *  it  I  l  k  k  1 V  W.fU&tSItiSSF.' 
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6.  All  unused  device  inputs  should  be  connected  to  Vrr  or  GND 

7.  All  low  impedance  equipment  (pulse  generator  etc.)  should  be  connected  to  CMOS  inputs  only 
after  the  CMOS  device  is  powered  up.  Similarly,  this  type  of  equipment  should  be  disconnected 
before  power  is  turned  off 

All  CMOS  devices  should  be  stored  or  transported  in  material  that  arc  anti  static  or  conductive. 
CMOS  dc\  ice  must  not  be  inserted  into  conventional  plastic  Styrofoam,  or  plastic  trays,  but 
should  be  left  in  their  original  container  untill  ready  for  use. 

9.  N\  Ion  or  other  static  generating  material  should  not  come  in  contact  with  CMOS  devices, 
lri.  Double  check  lest  equipment  setup  for  proper  polarity  of  Vcc  and  GND  before  conducting 
parametric  or  functional  testing. 

1 1.  When  lead  straightening  or  hand  soldering  is  necessary,  provide  ground  straps  for  apparatus  used 
and  be  sure  that  soldering  iron  tips  are  grounded. 

12.  If  automatic  handlers  arc  being  used,  high  level  of  static  electricity  may  be  generated  by  movement 
of  the  devices,  the  belts  or  printed  circuit  boards.  Reduce  static  buildup  by  using  ionized  air 
blowers,  anti  static  sprays  and  room  humidifier. 

13.22  CMOS  Sub-Families  : 

The  way  we  had  ITL  subfamilies,  we  do  have  subfamilies  of  CMOS. 

13.22.1  4000/14000  CMOS  : 

The  oldest  CMOS  series  is  the  4000  scries  first  introduced  by  RCA.  It  has  low  power  dissipation.  If 
supports  wide  range  of  power  supply  voltage  (3  to  15V).  Slowest  among  all  the  series.  It  has  low  output 
current  capabilities.  This  series  is  not  compatible  with  TTL  series. 

13.22.2  74C  Series  : 

This  CMOS  series  is  pin  to  pin  compatible  and  functionally  equivalent  TTL  device.  Performance 
cliaracteristics  of  this  series  is  about  the  same  as  those  of  4000  series. 

13.22.3  74HC  /  HCT  (High-Speed  CMOS)  : 

Tiiis  series  is  improved  version  of  74C.  Ten  times  faster  than  74C.  This  series  is  also  pin  compatible 
and  functionally  equivalent  to  TTL.  74HC  devices  are  not  electrically  compatible  with  TTL,  but  74HCT 
devices  arc.  This  series  is  most  widely  used. 

13.22.4  74AC  /  ACT  (Advanced  CMOS)  : 

This  scries  is  functionally  equivalent  to  TTL  scries,  but  not  pin  compatible  with  'ITL  series.  Series  is 
also  referred  as  ACL  i.c.  advanced  CMOS  logic,  because  it  lias  high  noise  immunity,  less  propagation 
delay  and  high  speed. 

13.22.5  74AHC  (Advanced  High  Speed  CMOS) : 

The  latest  series  of  CMOS.  Series  offers  natural  migration  path  front  the  HC  series  to  faster,  lower- 
power  low  drive  applications.  Series  is  three  times  faster  than  HC  series. 
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13.23  Logic  Voltage  Levels  of  CMOS  and  TTL  : 


Till  this  point  \vc  have  studied  CMOS  and  TTL  families.  Let's  observe  voltage  logic  levels  of  each 
scries  to  conclude  about  noise  immunity  of  each  scries. 

_  Tablc  9  :  Input  /  output  voltage  levels  (in  volts)  with  VDD  =  Vcc  =  +  5V 


- - - ;; _ : _ ^  —  v—  - > . m 

CMOS 

)  CL  ~  T 

TTL 

Parameter 

4000B 

74HC 

74HCT 

74AC 

74ACT 

74AHC 

74AHCT 

74 

74 1. S  1  74  AS 

74ALS 

^  IH(min) 

W 

3.5 

3.5 

2.0 

3.5 

2.0 

3.85 

2.0 

2.0 

2.0 

2.0 

2.0 

v  IL(max) 

\7 

1.5 

1.0 

0.8 

1.5 

0.8 

1.65 

0.8 

O.S 

0.8 

0.8 

0.8 

OM(min) 

w 

4.95 

4.9 

4.9 

4.9 

4.9 

4.4 

3.15 

2.4 

2.7 

2.7 

2.7 

OL(niax) 

0.05 

0.1 

0.1 

0.1 

0.1 

0.44 

0.1 

0.4 

0.5 

0.5 

0.4 

VNH 

1.45 

1.4 

2.9 

1.4 

2.9 

0.55 

1.15 

0.4 

0.7 

0.7 

0.7 

V\I. 

1.45 

0.9 

0.7 

1.4 

0.7 

1.21 

0.7 

0.4 

0.3 

0.3 

0.4 

15i24_Comparing  TTL  AND  CMOS  Series  : 


Parameter 

A  <11 

4000B 

74HC  / 
HCT 

uu  ocnc 

74AC  / 
ACT 

:s  L-omparisc 

74AHC  /  T 

n" 

74 

74LS 

74AS 

74ALS 

Power  dissipation 

per  gate  (mW) 

(a)  Static 

1.0  x  10~3 

2.5  x  10"3 

5.0  x  10~3 

9.0  x  10-5 

10 

2 

8 

1.2 

(b)  At  100  kHz 

0.1 

0.17 

0.08 

0.006 

10 

2 

8 

1.2 

Propagation 

dclav(ns) 

50 

8 

4.7 

\  3.7 

9 

9.5 

1.7 

4 

Speed-power  (at  100 
kHz)  (pJ) 

5 

1.4 

0.37 

0.02 

90 

19 

13.6 

4.8 

Maximum  clock  rate 
(MHz) 

12 

40 

100 

130 

35 

45 

200 

70 

Worst-case  noise 
margin  (V) 

1.5 

0.9 

0.7 

0.55 

0.4 

0.3 

0.3 

0.4 

*  All  CMOS  values  are  for  VDD  =  5V.  Parameters  for  specific  devices  may  vary. 

13.25  Interface  : 


Interface  means  the  way  driver  device  is  connected  to 
load  device.  Fig.  13.66  shows  driver  gate  interfaced  to  load 
gate. 

When  driver  and  load  gate  both  are  of  same  family  i.e. 
TTL  or  CMOS  or  PMOS.  then  one  need  not  bother.  But 
one  lias  to  consider  voltage  and  current  parameter  when  one 
family  drieves  another.  TTL  drives  CMOS  or  vice  versa, 
PMOS  drives  CMOS  or  vice  versa  and  so  on. 


Driver 

:=0- 

TTL  /  CMOS 
PMOS/CMO 
NMOS/ CMOS 
TTL  / PMOS 


Load 

— D° — ° 

CMOS /TTL 
CMOS / PMOS 
CMOS /NMOS 
PMOS /TTL 


Fig.  13.66 


Then  question  comes  what  arc  the  important  points  to  be  considered  while  interfacing  two  families. 
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(1)  Output  of  devices  of  one  family  should  satisfy  current  and  voltage  requirements  of  the  inputs  of 
devices  of  other  familv. 

(2)  One  has  to  consider  power  supply  requirement  of  the  both  the  familv.  Here  one  can  have  different 
configuration  i.e. 

(a)  Both  the  families  operated  at  same  power  supply  voltage. 

(b)  Both  the  families  operated  at  different  power  supply  voltage. 

(  )  The  other  family  s  outputs  should  swing  as  near  as  possible  to  the  full  voltage  range  of  the  first 
_ family's  power  supply. 


13.25.1  CMOS  Interfaced  To  PMOS  : 


Points  to  be  considered  while  Interfacing  PMOS  and  CMOS. 

(1)  Power  Supply  Set  :  Most  of  the  popular  PMOS  parts  are  specified  with  17  V  to  24  V  power 
supplies,  while  maximum  power  supply  voltage  for  CMOS  is  15  V. 

^  ^  Tl*0  oujPut  push  pull  PMOS  output  is  significantly  less  than  the  power  supply  voltage 

.  ross  l  .  OS  swings  from  very  close  to  its  Vss  supply  (positive  supply)  to  quite  a  few  volts  above 
^  ^dd  supply  (negative  supply). 

So  if  we  reduce  supply  voltage  of  PMOS,  we  expect  output  swing  will  go  low  to  match  requirement 
of  CMOS.  But  the  case  is  not  so. 

Single  Power  Supply  Operation  : 


Fig.  13.67  :  Single  power  supply  for  CMOS/PMOS 

(1)  CMOS  drives  PMOS  directly. 

(2)  PMOS  cannot  drive  CMOS  directly  because  of  its  output  will  not  pull  down  close  enough  to  lower 
power  supply  voltage.  [Refer  point  2,  under  heading  of  Interface  PMOS  and  CMOS]  Because  of  this 
one  lias  to  add  RPD  (R  pull  down)  to  each  PMOS  output  to  pull  it  low  to  lower  power  supply  voltage 

level. 

(3)  Selecting  RPD  :  The  value  should  be  selected  such  that  it  is  small  enough  to  give  desired  RC  time 
constant.  But  it  should  not  be  so  small  that  the  PMOS  output  cannot  pull  it  to  upper  power  supply 
voltage  when  it  needs  to. 

(4)  The  approach  works  with  push  pull  as  well  as  open  drain  PMOS  outputs. 
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Fig.  13.68 

GN'D  of  CMOS  chip  is  not  connected  to  the  GND.  Instead  it  is  connected  to  cathode  of  zcncr.  In  short 
ground  pin  of  CMOS  is  lifted  by  providing  bias  voltage  (by  zencr)  to  reduce  total  voltage  across  CMOS. 
This  is  done  to  match  minimum  swing  of  PMOS  output.  The  CMOS  still  can  drive  PMOS  directly. 
Using  bipolar  supply  : 


If  l he  system  has  bipolar  logic,  it  will  have  two  power  supplies.  The  configuration  is  as  shown  in 
Fig.  13.69. 


r 


PMOS  J 
SupplyX 


V 


Fig.  13.69  :  Dual  power  supply  operation 


13.25.2  CMOS  Interfaced  to  NMOS  : 

Interfacing  CMOS  to  NMOS  is  simpler.  Supply  requirement  for  NMOS  is  5V  to  12V.  This  is  directly 
compatible  with  CMOS. 

Important  Point  to  note  is , 

(1)  At  LOW  level,  output  of  NMOS  is  IV  to  2V  above  GND  level  (or  low  supply  voltage). 

(2)  At  IlKil  ( level,  output  of  NMOS  is  1  to  2  V  below  Vcc  level  (or  upper  supply  voltage). 


•  Ya  ' \  \  • 
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Fig.  13.70 

Therefore  for  higher  supply  voltage  NMOS  and  CMOS  can  be  directly  Interfaced,  because  HIGH  logic 
c\  cl  output  voltage  will  be  1  to  2V  below  upper  supply  voltage.  But  for  lower  supply  voltage  NMOS 
tput  for  HIGH  logic  level  will  be  2  to  4V  below  upper  supply  voltage,  therefore  one  has  to  pull  the 
output  voltage  up.  This  can  be  done  using  pull  up  resistance. 


13.25.3  TTL  to  CMOS  Interface  : 


It  means  TTL  gate  will  drive  CMOS  gate,  therefore  one  lias  to  know  V0H,  V0L  of  TTL  and  V1L,  Vm  of 
CMOS.  The  Fig.  13.71  shows  the  typical  values. 


V 


OH 


V 


OL 


5  V 


2.4  V 


0.4  V 
0  V 


5  V 

TTL  HIGH 

V|H  -  3.5 V 

CMOS  HIGH 

Indeterminate 

Indeterminate 

VIL=  1.5  V 

CMOS  LOW 

TTL  LOW 

0  V 


Fig.  13.71 


If  you  observe  Fig.  13.71,  you  will  find  that  V0L 
(TTL)  <  V„  (CMOS),  therefore  no  problem.  But  VOH 

(TTL)  falls  in  indeterminate  region  of  CMOS  because 
VIH  (CMOS)  =  3.5  V  where  as  V0IJ  (TTL)  =  2.4  V.  The 

remedy  over  this  problem  is  simple,  just  pull  the  output 

voltage  of  TTL  to  higher  level.  How  you  do  this  ?  Just 
by  putting  Rpulj  up(PuIl  up  resistance).  The  same  is 

shown  in  Figs.  7.70  and  Fig.  13.72. 

The  Fig.  13.72  shows  TIL  and  CMOS  operating  on 
single  power  supply  i.c.  +5V. 


Fig.  13.72  :  TTL  to  CMOS  with 
pull  up  resistance 


Scanned  by  CamScanner 


Digital 


I 


VCC  (+  5V) 


J-ogic  Families 


But  in  sonic  of  the  eases  you  may  use  different 
power  supply  for  CMOS  because  CMOS  works 
upto  15V.  So  the  ease  is  TTL  operating  at  +5V  and 
CMOS  operating  at  power  supply  voltage  greater 
than  +5V  (typically  9V.  12V  or  15V). 

Here  again  the  problem  will  arise  of  matching 

vol  with  vil  and  voh  'vith  vih-  Ag‘lin  lhc  remedy 
is  simple,  use  pull  up  R  touring  VOL  and  V0H  of 

TTL  gate  up  to  CMOS  level.  Interface  is  shown  in 
Fig.  13.73. 

JWiat  should  be  value  of  pull  up  R  ? 

For  same  supply  voltage  the  thumb  rule  is  one 
can  select  Rpu]1  up  between  1  K  to  4  K  7  O. 

How  pull  up  works  ? 

Case  I : 

When  output  of  TTL  is  LOW,  it  will  sink  current.  Sinking  current  for  1  TTL  load  is  =  1  6  mA 
Therefore  value  of  R  will  be  =  T;|^-  =  3 125  Q  OR  3. 1  kQ. 

Pull  up  doesn  t  change  LOW  state  output  voltage  drastically. 

Case  II : 

When  TTL  output  is  in  HIGH  state  [Refer  Fig.  13.28.Tote,n  pole  output  stage].  In  this  case  transistor 

provides  output  upto  2.4  V,  but  because  of  the  pull  resistance  output  rises  above  2.4  V,  therefore  transistor 

"  iH  be  ^  l"inal  output  will  be  +5V  through  pull  up  to  input  of  CMOS. 

For  different  power  supply  operation. 

d  _  12  V  (or  9 V  or  15  V)  _  ,  r  ,  ^  „ 

^pull  up  i  a  m  a  -  7.5  k  Q  -»  for  12  V. 


1 .6  mA 


Level  Shifter 


used. 


Sometimes  when  TTL  and  CMOS  operated  at  different  power  supply  voltage,  level  shifter 


circuit  is 


As  name  suggests  level  shifter  IC  will  shift  or  pull  the  output  voltage  level  to  CMOS  input 
requirement  chips  available  are  40109,  MC  14504B. 


V, 


(9  V,  12  V,  15  V) 


Fig.  13.74 
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13.25.4  CMOS  to  TTL  Interface  : 

(a)  CMOS  to  Standard  TTL  : 

CMOS  directly  cannot  drive  standard  TIL  because  current  required  will  be  -  1.6  m  A.  where  CMOS 
requires  current  in  pAmp.  Therefore  one  has  to  increase  current  sinking  capability  of  CMOS  For  that 
we  normally  use  CMOS  buffer.  Buffer  is  a  device  which  will  increase  current  driving  capacity 

(b)  CMOS  to  Low  Power  TTL  : 

l  or  low  power  TTL  worst  case  low  state  input  current  is  180  p  A.  CMOS  can  sink  360  pA.  therefore 
it  can  drive  two  low  power  TTL  device. 


Fig.  13.75 


13.26  BICMOS  Digital  Circuit : 


v 


* 


DD 


7TTL  characteristic 


BICMOS  technology  combines  Bipolar  and  CMOS 
circuit  on  same  IC  chip.  Because  of  this  we  get 
advantage  of  both  technology  such  as. 

(1)  Low  power 

(2)  High  input  impedance  ’  CMOS  characteristic 

(3)  Wide  noise  margin 

(4)  High  current  driving  capacity 

(5)  High  speed  of  operation 

(6)  High  package  density. 

Let's  see  basic  BICMOS  logic  Inverter 

Working  : 

Cast  I :  Vj  “  0  and  V„  floating. 

(1)  Transistor  Q,  will  be  OFF  and  no  cur 
into  base  of  04 

(2)  As  Q:  is  OFF.  VK  =  0,  therefore  transistor  Q4  - 

-PMOS  transistor  0,  is  ON  This  establishes  low  impedance  conductmg  channel  between  base  of  Q 

and 
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(4)  As  V0  is  floating  no  current  will  flow  through  Q.  0r  R  T!l , 

Tlicrcfore  voltage  drop  across  Q,  will  be  nearly  /cro  CfC  0rc 


(5)  Therefore  rcsisior  R,  will  cause  voltage  at  gale  output  be  cn,nl  v  „ 

pull  up  and  VQH  =  VDD.  ^  a  ,0  Von  Resistor 

Case  II  :  v,  =  0  and  vQ  connected  to  load. 

(1)  Refer  step  ( 1 ),  (2)  and  (3)  of  ease  I. 

(2)  As  v„  is  connected  to  load,  it  has  to  source  current  to  load 
0)  To  source  current  transister  O  is  DM 

impedance  and  high  current  driving  capacity  ”  f°N0"Cr’  prov'dmg  sale  with  low  output 

(4)  Curreni  supplied  by  Q,  to  Q,  will  be  amplified  bv  B  0fO 
Case  III :  y,  =  l  ‘  V3 

( 1 )  Transistor  Q,  =  OFF  and  Q„  turns  ON. 

(2)  Transistor  Q;  supplies  current  to  Q4,  Q4  =  qn 
I  ')  If  load  is  not  present,  current  through  Q,  andQ,  will  be  nearly  rero 

(4)  Path  of  R„  conducting  channel  of  Q2  and  R2  will  give  LOW  output  level 

Drawback  of  BICMOS  : 

(1)  Complex  fabrication  process. 

( 2)  Because  of  complexity  cost  per  gate  increase  than  that  of  CMOS. 

BICMOS  NAND  Gate  : 


- - - - - f°SlC  '  es 

no  current  flows  through  Q~ 


R|  "dl  work  as 


VDD 


Fig.  13.77  :  BICMOS  NAND  gate 
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Latest  series  available  : 


Series 
I  w 
4  I  \\ 

4  <\\ 

44v\ 

45xx 

4^xx 

4\\\ 

72.\\ 

7xv\ 

74ABT 
74  AC  \\ 

74 ACT  \\ 
74ACQ  \\ 

'4  AC  I  Q  \\ 
74LVC  xx 
74 BC  XX 
74BCT  xx 
74C  XX 
74FCT  xx 
74HC  xx 
741 1C  40xx 
74HC  7()xx 
74HCT  xx 
74HCT  40xx 
74HCT  70xx 
74HCU  xx 
7  4  xx 
74FB  xx 
74GTL  xx 
74HLL  xx 
74LCX  xx 
74LV  xx 
74LVC  xx 
74LVQ  v\ 
74LVT  xx 
74 ATS  xx 
74Fxx 
74ASxx 
74H  xx 
74L  xx 
74LS  xx 
74S  xx 
74VHC  xx 
74Vii(T  \\ 


1  r»  hnotogj 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

QUBIC  BICMOS  technolop 

advanced  CMOS 

advanced  CMOS/1TI  Interlace 

advanced  CMOS  Quiet  senes 

advanced  CMOS/TTL.  Quiet  series 

advanced  low  voltage  CMOS  logic 

high  speed  BICMOS 

high  speed  BICMOS/TTL  Interface 

high  speed  CMOS.  74's  pin  assignment 

high  speed  BICMOS/TTL  Interface 

high  speed  CMOS.  74's  assignment 

high  speed  CMOS.  4000's  pin  assignment 

high  speed  CMOS.  7000’s  pin  assignment 

high  speed  CMOS/TTL  Interface,  74's  pm  assignment 

lugh  speed  CMOS/TTL  Interface,  4000's  pm  assignment 

high  speed  CMOS/TTL  Interface.  7000’s  pm  assignment 

high  speed  CMOS,  backuplcss 

TTL  normal 

high  speed  BICMOS 

Gunning  transistor  logic 

high  speed  low  voltage  CMOS  logic 

low  voltage  high  speed  CMOS 

low  voltage  CMOS 

low  voltage  CMOS 

low  voltage  Quiet  CMOS  logic 

Advanced  BICMOS  Low  Voltage  technology 

advanced  low  power  schotlky  Ill- 

Fast  TTL 

advanced  scliottlcy  TLL 

high  speed  TTL 

low  power  TTL 

low  power  scluittky  TTL 

Schotlky  TTL 

Very  high  speed  CMOS 

Very  high  speed  CMOS,  Til-  compatible 


J 
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1.  (a)  Convert  the  following  into  binary,  octal  and  hexadecimal  numbers 

(i)  (2019)10(ii)  (345)10 
Ans.  :  (i) 


2019 


(ii) 


|  Quotient 

i 

Remainder 

2 

1009 

1 

2 

504 

1 

2 

252 

0 

2 

126 

0 

2 

63 

0 

2 

31 

1 

2 

15 

1 

2 

7 

1 

2 

3 

1 

2 

1 

1 

L - 

— M 

2 

345 

Quotient 

Remainder) 

2 

172 

1 

2 

86 

0 

2 

43 

0 

2 

21 

1 

2 

10 

1 

2 

5 

0 

2 

2 

1 

2 

1 

0 

i 

i 

— >1 

(2019)10  = 


01111110  0011 

TT7 


-[ 


]« 


(2019)10  =  01  1  1  1  1  1  0  001  1, 

TTTT' 


■[ 


3  7  4  3 


1 


(345) 10 


=  101011001- 

iTT 

=  [l  5  9  ]li 

(345)10'=  1  01  01  1001  L 

ITT 

=  [  5  3  1  ]( 
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(b)  Convert  the  decimal  number  (135)10  to  Gray  Code.  Explain  the  uses  of  Gray  Code. 


Ans.  : 


135 


Quotient 


67 


33 


16 


Remainder 


(1 35)  10  =^1  00001  1  ij, 


(2) 


1  0  0  0  0  1  1  /1 


[ 


I 


J  2 


1  1  0  0  0  1  0  0 


->  binary 


gray 


Gray  code  is  MOST  WIDELY  used  in  optical  encoder,  mainly  CNC  machines. 

(c)  Subtract  the  following  using  l's  complement  and  2's  complement  method  and  express  the 
result  as  hexadecimal  number.  0) 

Ans.:  (62)8  -(29)10 

[62Js  =  [50]10  =  [110010]2 

[29]10  =  [011101]2 

(i)  1  's  complement  method 

l's  complement  of  (01 1 101)2  is  ( 1 000 1 0)2 


(50)  io  =  110  0  10 

+ 


(29)10 


1  0  0  0  1  0 
0  10  10  0 

- H 

0  10  10  1  — ► 


Answer 
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(ii)  Two's  complement  =  l's  complement  +  1 

=  ( I  ()()()  10)2+  1 
=  (10001 1)2 

(5°)i0  =  110  0  10 


(29)io  =  1  0  0  0  11 

T1  o  i  o  i  o  i 


T 


Discard  Answer 


i 


(d)  Perfor  m  the  following  operations  directly  without  converting  the  number  to  any  other  base 
(i)  (ABC)16  x  (25)16  (ii)  (33)8-(77)8  (4) 

Ans.  :  (i) 

ABC  - >  (2748)]0 

_ x  2  5  >  (37)  10 

1  5  7  8  X 

3  5  A  C 

1  8  D  2  C  - »  (1,01,676)10 

:ii) 

2.  .1. 

3  3 

7  7 

ip-r- 

'  borrow 


(56)x  is  negative  number  as  there  is  borrow. 

(e)  Obtain  an  even  parity  Hamming  Code  for  data  code  1010111.  ((,) 

Why  is  Hamming  Code  called  error  correcting  code? 

Ans.:  Hamming  Code  : 

^7  ^6  ^5  ^4  P2  P  | 


10  10  111 


Parity 

Error  bit 

(1)  1,  3,  5,  7,  should  form  even  parity 

1111 - >  yes,  .*.  reset  error  bit. 

0 

(2)  2,  3,  6,  7  should  form  even  parity 

1111 - »  No,  set  error  bit 

1 

(3)  4,  5,  6,  7  should  form  even  parity 

0  10  1 - » yes,  reset  error  bit. 

0 
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error  bit  is  (010)2.  F*2 

Corrected  code  is - >  (1010101  )2- 

Hamming  code  is  called  as  error  corroding  code,  because  after  receiving  the  code,  it  doesn't  only  check 


for  error  bit,  but  also  corrects  it. 

2.  (a)  Simplify  the  following  : 

(i)  A  +  AB  +  ABC  +  ABCD 


(6) 


(ii)  AC  [  ABD  )  +  A  B  C  D  +  ABC 


(iii)  AB  +  ABC  +  A(B  +  AB) 

Ans.  :  (i)  A  +  AB  +  ABC  +  ABCD 

=  A  +  B  +  ABC  +  ABCD 
=  A  [1  +  BC]  +  B  +  ABCD 
=  A  +  B  +  ACD 


=  A  +  ACD  +  B  =  A  +  CD  +  B 
=  A  +  B  +  CD 

(ii)  AC  [a  •  Bd]  +  ABCD  +  ABC 

=  AC  [  A  +  BD]  +  ABCD  +  ABC 
=  AC  [A  +  [B  +  D]+ABCD  +  ABC 
=  0  +  AC  [B  +  D]  +  ABCD  +  ABC 
=  ABC  +  ACD  +  ABCD  +  ABC 
=  BC  [A  +  A]  +  AD  [  C  +  BC] 

_ =  BC  +  AD  [B  +  C]  [As  A  +  AB  =  A  +  B] 

(iii)  AJB  +  ABC  +  A(B  +  AB) 


=  A[B  +  BC]  +  A  (B  +  AB) 


A[B  +  BC]  +  A(B  +  A) 


=  A  •  (B  +  C)  +  AB  +  A 


=  A  •  (  B  +  C  )  +  A(B  +  1)  =  A  •  [BC]  +  A 


A  +  ABC  =  A  +  BC  =  A  •  (  BC  )  =  A[B  +  C] 
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(h)  A  corporation  having  100  shares  entitles  the  owner  of  each  share  to  cast  one  vote  at  the  shart 
holders  meet.  Assume  that  A  has  40  shares,  B  has  30  shares,  C  has  20  shares  and  I)  has  K 
shares.  A  two  third  majority  is  required  to  pass  a  resolution  in  a  share  holders  meeting 
Each  of  these  four  men  has  a  switch  which  he  closes  to  vote  YES  and  opens  to  vote  NO  foi 
his  percentage  of  shares.  When  the  resolution  is  passed,  the  output  LED  must  he  ON 
Derive  a  truth  table  for  the  output  function  and  give  the  sum  of  product  equation  for  it 
Also  implement  using  only  NAND  gates.  (10 

Ans.  :  (i)  A  =  40  shares 

B  =  30  shares 
C  =  20  sliarcs 
D  =  10  shares 

(ii)  2/3  majority  is  required  to  pass  a  resolution,  means  66.66  or  more  number  of  shares  will  be 
required. 

(iii)  closed  - >  yes  - >  logic  1 

open  - >  No  - >  logic  0. 

(iv)  When  resolution  is  passed,  output  LED  will  glow,  means  output  expected  is  ACTIVE  HIGH 
Let's  label  y  as  an  outputs. 


(v)  Truth  table 


j 


Inputs 

Output 

A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

l) 

0 

0 

0 

1 

0 

0 

3 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 
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Fig.  1 

(viii) 

Y  =  AB  +  ACD 
=  AB  •  ACD 


Fig.  2 

3.  (a)  Explain  the  terms  :  (i)  prime  implicant  (ii)  input  variable  (iii) 
Ans.  : 


min  term 


(iv)  max  term. 

(4) 


1  Prime  Implicant  :  Refer  Section  4.9  page  no.  4-61. 

2  Input  variable  :  It  is  input  to  a  system  and  attain  any  value  (logic  0  or  logic  I)  at  any  instant  of 
time 


3.  Mintcrm  :  Refer  Section  3.5  (ii)  page  no.  3-18. 

4  Maxtcrm  Refer  Section  3.5  (iii)  page  no.  3-18. 

(b)  Use  Quine-McCluskey  method  to  find  minimum  POS  expression  for 
x,  y,  z)  =  tiM(1,  3,  4,  5,  9,  10,  1 1)  +  nd(6,  8) 
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M 


•a 


Q-0 


Step  4  : 


Step  5 : 


|  rvoup 

J  Maxterms 

w 

X 

y 

7. 

Mll>  M3,  m9,  m, 

X 

0 

X 

1 

'I 

^ll»  M9,  m3,  m, 

X 

0 

X 

1 

Mih  Mio,M9,  Mg 

1 

0 

X 

X 

Mll*  M9,  Mj0,  Mr 

1 

0 

X 

X 

} 

} 


D 


B 


D 


Prime 

M 

itxterms 

Don't  Care 

Imnlicants 

M, 

M  4 

Ms 

IVh, 

Min 

Mr 

0 

X 

0 

1 

X 

X 

0 

1 

0 

X 

X 

X 

0 

1 

X 

0 

X 

X 

X 

0 

X 

1 

X 

X 

X 

X 

1 

0 

X 

X 

v 

X 

X 

X 

X 

Select,  PB,  PD  and  P£;  it  will  cover  all  the  maxterms.  M6  arid  Mg  are  don't  care,  optional 


f(w,  x,  y,  z)  =  {0  1  0  X,  X  0  X  1,  1  0  X  X} 


fpv,  x,  y,  z)  =  (w  +  x  +  y)  (X  +  z)  (w  +  x) 


(c)  Implement  the  above  using  2  i/p  NOR  gate  only, 
A  ns.: 


(4) 


f(y)  =  (w  +  x  +  y)  (x  +  z)  +  (w  +  x) 


-  (w  +  x  +  y)  +  (x  +  z)  +  (  w  +  x  ) 


w 
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4.  (a)  Design  an  XS-3  adder  circuit  using  IC  7483  and  required  gates. 
Ans.  :  Refer  Section  6.4 

(1>)  Why  arc  NAND  and  NOR  gates  called  universal  gates? 

Ans.:  Refer  Section  3.10 


-December_2002 
(10) 

(3) 


IcvcIOR-AND  rir*  T”  T'  AND'°R  drCUit  Can  hc  rel,lacc,1  b>  NAND-NAND  circuit  and  a  two 
OR  AND  cm cuit  can  be  replaced  by  a  NOR-NOR  circuit.  . 

Ans. :  To  prove  this  we  will  take  one  example 


(i) 


Fig.  4 


(ii) 

A 

B 


C 

D 


Fig.  5 


5.  Write  short  notes  on  : 


(16) 


(i)  Carry  Look  Ahead  cam  Generator  (ii)  Arithmetic  Logic  Unit  (ALU). 

(iii)  Parity  Generator/checker  (iv)  Gray  Code. 

Ans. :  (i)  Refer  Section  6.2.3 

(ii)  Refer  Section  7.5 

(iii)  Parity  Gcncrator/checker  :  Now  we  will  see  the  circuit  which  will  generate  parity  and  als 

a...  x! — cv  /"\r>  — .... i  _ _ _ v. 


A 

B 

Y  Output 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 
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As  shown  when  odd  no,  of  I's  arc  present  in  (he  input,  output  of  EX  OR  cate  (i  c  Yl  is  '!•  This  „ 

set  total  numbers  of  Ts  to  even  number.  ®  ’’  ) ,s  This  will 

1  be  circuit  in  Fig.  5A  shows  even  parity  generator,  for  4  bit  data  input. 


Set  to 
even  parity 


J 


The  circuit  is  implemented  using  2  input  EX-OR  gate.  Input  to  the  circuit  is  data  bits  Dn  -D,.  Output 
of  the  circuit  is  D3  -  D0  with  parity  bit.  If  D3  -  D0  =  0  I  1  1,  then  output  Y  =  1. 

^3  D,  D2  D0  Parity 

0  111  1  — >  even  number  of  Ts 

But  if  D3  -  D0  =  1  0  0  1,  then  output  Y  =  0 

D3  D,  D2  D0  Parity 

1  0  0  1.  0  ->  even  number  of  Ts 

Now  we  will  see  parity  checker  circuit  in  Fig.  5B.  The  parity  checker  circuit  also  employ  EXOR  gate. 


Fig.  5B 


The  parity  checker  circuit,  checks  for  even  parity.  If  input  bits  (D,  -  D0.  parity)  has  even  parity,  error 
bit  =  0.  Otherwise  for  odd  parity,  eiror  bit  =  1.  The  circuit  is  shown  using  2  input  EXOR  gale.  The  same 
can  be  implemented  using  5  input  EXOR  gate  also. 


(iv)  Refer  Section  1.11.2. 


\  _ 

tt  rTrrirr'Tr 
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6.  Design  a  mod-6  synchronous  up/down  counter  using  SR  flip-flops.  If  the  counter 

any  of  the  unused  states  what  will  happen?  Ensure  that  the  counter  docs  not  enter \»n 
unused  state.  Clearly  specify  value  of  mode  control  for  up  counting  and  down  counting 
Also  draw  state  diagram. 

Ans.:  A  mod  -  6  counter  has  6  states,  0  to  5.  The  number  of  flip-flops  required  would  be  3.  The 
invalid  states  will  be  1 10  and  111. 

If  the  counter  enters  an  invalid  state,  it  might  never  return  to  a  valid  state  and  may  encounter  a  LOCK. 
OUT  condition. 

To  ensure  that  a  counter  docs  not  enter  an  unused  state,  we  shall  design  the  counter  to  return  to  valid 
state  after  one  clock  tick  if  it  enters  an  unused  state. 


© — <°) — <1 


0 — 0) — — "0 — <= 


(ij> — 0 


Invalid 

state 


Invalid 

state 
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7.  (a)  Design  a  clocked  J-K  flip-flip  using  a  basic  NAND  cell  using  NAND  gates  only.  (8) 

Ans. :  Refer  Section  8.5. 


(b)  What  is  race  condition  ?  Why  does  it  occur?  What  modification  is  required  if  race 
condition  is  to  be  avoided?  ^ 

Ans. :  Refer  Section  8.5.1. 


(c)  Convert  a  J-K  flip-flop  to  D  flip-flop  and  a  T  flip-flop.  (4) 

Ans.  :  Refer  Ex.  7(i)  for  JK  to  D  FF 
Refer  Ex.  6(i)  for  JK  to  T  FF 

8.  (a)  Draw  the  diagram  of  a  4  bit  universal  shift  register  and  explain  its  operation.  (10) 

Ans. :  Refer  Section  10-10  Page  no.  10-16.  Diagram  10.20  (b)  is  important. 

(b)  Draw  the  state  diagram  of  a  sequence  detector  1011  in  an  input  string  101101100010110. 
i  The  correct  pattern  can  overlap  with  another  pattern.  When  the  input  pattern  is  detected,  it  causes 
an  o/p  z  to  be  asserted  high.  (6) 

Ans.  : 


0 
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Next  state 

Ja 

Ka 

Kb 

Jc 

Kc 

Do 

C0 

B0 

A0 

c, 

B, 

Ai 

0 

0 

0 

0 

0 

0 

0 

0 

X 

0 

X 

0 

X 

1 

0 

0 

0 

0 

0 

1 

1 

X 

0 

X 

0 

X 

0 

0 

0 

1 

0 

1 

0 

X 

1 

1 

X 

0 

X 

1 

0 

0 

1 

0 

0 

1 

X 

0 

0 

X 

0 

X 

0 

0 

1 

0 

0 

0 

0 

0 

X 

X 

1 

0 

X 

] 

0 

1 

0 

0 

1 

1 

1 

X 

X 

0 

0 

X 

0 

0 

] 

1 

0 

1 

0 

X 

1 

X 

0 

0 

X 

1 

0 

J 

1 

1 

0 

0 

X 

0 

X 

0 

1 

X 

0 

1 

0 

0 

0 

1 

0 

0 

X 

1 

X 

X 

1 

1 

1 

0 

0 

0 

0 

1 

1 

X 

0 

X 

X 

1 

K-maps  : 


\ 

Scanned  by  CamScanner 


DLDA 


Q-15 


December  2002 


\BoAo_ 

D0CX  BA  BA  BA 


SoCo 


D0C0 


DnCn 


fK 

I  0 

1 

1 

5  3 

x' 

2 

• ' 

m 

^  X 

X 

M 

4 

5 

7 

6 

" 

0 

12 

X 

13 

X 

15 

X 

14 

0 

8 

0 

9 

X 

11 

X 

10 

_  B0 


\B(A 

D0cX  BA  BA  BA  BA 


\BqAo 

D0CX  BA  ^qAq  BqAq  BqAq 


n0c0 


D0C0 


Dq^o 


D0C0 


X 

0 

X 

1 

0 

3 

fx::,:"  ' 

1 

X®:f> 

x> 

4 

X 

5 

X 

7 

I! 

6 

X 

12 

X 

13 

X 

15 

X 

14 

X 

CO 

X 

9 

0 

11 

0 

10 

II 

CD 

x: 

\BqAo 

B<A  ^qAo  B0Aq  BA 


D0C0 

O 

O 

0 

1 

0 

3 

0 

2 

D0C0 

X 

o 

X 

1 

X 

3 

X 

2 

DqCq 

X 

X 

X 

X 

D0C0 

i 

*  X 

X 

X 

4 

5 

7 

6 

4 

5 

7 

6 

D0C0 

X 

X 

m 

X 

D0C0 

1 

X 

X 

X 

12 

13 

15 

14 

12 

13 

15 

14 

D0^o 

0 

8 

0 

9 

■ 

11 

0 

10 

Do^o 

X 

8 

X 

9 

X 

11 

X 

10 

Jq  —  DqBqAq 


Kc  =  1 


Implementation : 


Scanned  by  CamScanner 


DLDA 


Q-16 


December  2002 


9.  (a)  Design  a  mod  5  asynchronous  up  counter  using  J-K  flip-flop.  Explain  what 

modifications  are  necessary  to  make  it  work  as  down  counter.  What  is  glitch  problem?  (f>) 

Ans. :  Refer  Page  No.  9-82.  Ex.  15.  (Procedure  is  same  for  mod  5  asynchronous  up  counter) 

(b)  Define  the  various  typical  characteristics  of  a  TTL  gate.  (4)  }r 

Ans.  :  (i)  (VOII)  High  level  output  voltage  :  It  is  the  minimum  voltage  which  will  available  at  an 
output  terminal  of  gate,  when  required  output  should  be  at  high  level  logic. 

'7ol  (Low  level  output  voltage)  :  It  is  the  maximum  voltage  which  will  be  Available  at  output 
terminal  of  gate. 


(ii)  Input  voltage  parameter : 


(a)  VIH  -  It  is  the  minimum  positive  input  voltage  level  that  can  be  applied  to  an  input  terminal  of 
device  and  be  recognised  as  logic  high  level. 

(b)  VIL  -  It  is  the  maximum  positive  input  voltage  level  that  can  be  applied  to  the  input  terminal  of  a 
device  and  be  recognised  as  logic  low  level. 

On  the  similar  line  of  voltage,  we  can  define  current  also  i.e.  I0h>  Iol>  *ih  anc*  ^il 

(in)  Noise  margin  :  The  amount  of  extraneous  signal  which  can  be  tolerated,  before  an  output  voltage 
of  gate  deviates  from  allowable  logic  voltage  level. 

(iv)  Fan  out :  Number  of  load  gates  connected  at  the  output  of  gate  is  called  fan  out  of  the  gate.  It  is 
driving  capability  of  a  particular  gate  to  drive  'N'  no.  of  gates. 

(v)  Fan  in  :  Number  of  inputs  connected  to  gate  is  called  fan  in  of  the  gate. 

(vi)  Speed  of  operation  or  propagation  delay  :  It  is  nothing  but  time  taken  by  particular  gate  to 
produce  output,  when  input  is  applied. 

(vii)  Power  dissipation  :  It  is  very  important  parameter  of  the  logic  family.  Normally  it  should  be  as 
low  as  possible.  The  power  dissipated  by  gate  HIGH  and  LOW  state  is  different. 


^D(avg) 


PDH  +  PDL 

2 


PpH  ->  Power  dissipated  when  input  is  high. 

PDL  ->  Power  dissipated  when  input  is  low. 

(viii)  Figure  of  merit  or  speed  power  product  or  power  delay  product :  The  product  of  propagation 
time  and  power  dissipation  (tdp  x  PD)  is  known  as  figure  of  merit  or  performance  of  gate.  Normally 

minimum  value  of  product  is  desired. 

(ix)  Operating  temperature  :  The  temperature  range  in  which  IC  will  function  properly  is  called 
operating  temperature  for  the  IC. 

(c)  Draw  the  diagram  of  a  4  bit  twisted  ring  counter,  explaining  its  operation  with  the  help  of 
a  timing  diagram. 

Ans. :  Refer  Section  10.7 

Scanned  by  CamScanner 


DLDA 


Q-17 


December _ 


10.  Write  short  notes  on  any  tlirce  : 

(a)  PAL  and  PLA 

(b)  Tristatc  registers 

(c)  Master  Slave  JK  FF 

(d)  Transition  tabic,  State  table  and  State  diagrams. 
Ans.  :  (a)  The  comparision  of  PAL  and  PLA  is  as  follows 


S.  No. 

PAL 

PLA 

1. 

P AL  is  called  as  Programmable  Array  Logic. 

PLA  is  called  as  programmable  Logic  Array. 

2. 

It  is  in  the  form  of  OR-AND  matrix  • 

It  is  in  the  form  of  AND-OR  matrix. 

-> 

j  . 

P AL  is  used  in  CPLD's  (Complex 
Programmable  Logic  Devices). 

Next  version  of  PLA  is  FPGA's  (Field 
Programmable  Gale  Array)  and  FPLA's  (Field 
Programmable  Logic  Array). 

n 

j  . 

It  is  moderately  complex. 

It  is  highly  complex. 

4. 

It  is  typically  used  for  small  circuits. 

It  is  used  for  complex  circuits. 

(b)  Tristatc  registers  :  Tristatc  registers  is  same  as  tristatc  buffer.  So  refer  to  Chapter  13,  Section 
13.13.1. 

(c)  Master  Slave  JK  FF  :  Refer  to  Section  8.7. 

(d)  Transition  table  OR  State  transition  table  :  Transition  table  specifies  required  state  behavior  in 
binary  form.  This  is  constructed  from  state  assignment  and  state  table  or  diagram. 

For  state  table  and  state  diagram.  Refer  to  chapter  8,  Section  8.2.3  and  8.2.4. 

□  □□ 


(18) 


